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Changes in movement quality, specifically how people coordinate movement, have been 
identified in people with pain, history of pain and linked to risk of injury, changes in performance 
and quality of life. The health of movement is a balance between how an individual uses their 
body to engage with life and an ability to display choices in movement coordination strategies 
(MCS). The aim of this thesis is to explore the concept that assessing and retraining MCS improves 
the health of movement. Five core publications are included: two theoretical papers detailing the 
concept for assessing and retraining MCS; one reliability study establishing robustness of an 
assessment tool; a case report demonstrating validity and proof-of-concept of assessment and 
retaining of MCS; and a morphological study of the serratus anterior muscle illustrating 
knowledge of anatomical architecture can shape retraining strategies. 

The commentary includes the following topics: i) theoretical concept for assessing and 
restoring the health of movement (Chapter 2); ii) aspects of anatomy and neurophysiological 
function to support methods of assessment and retraining (Chapter 3); iii) assessment of loss of 
movement choices (LMC) using cognitive movement control tests to inform retraining (Chapter 4); 
iv) cognitive movement retraining/movement coaching, a person-centred clinical reasoning 
framework to design individual tailored programmes to restore LMC (Chapter 5); v) General 
discussion - significance, implementation and impact, illustrated over 25 years (Chapter 6). 

Results have demonstrated: i) good inter-rater and excellent intra-rater reliability for the 
assessment tool; ii) testing for LMC can inform retraining and cognitive movement retraining can 
change biomechanical and neurophysiological measures; and iii) novel findings of morphologically 
distinct subdivisions of serratus anterior. 

This thesis recommends the assessment of MCS to guide retraining to improve the health of 
movement. Theoretical concepts presented and research conducted have provided evidence for 
proof-of-concept and validity and reliability of assessment procedures. 
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Chapter 1 Introduction, Movement for Health, Quality of 

Life and Aims of Thesis 

1.1 Movement for health 

The UK’s Chief Medical Officers’ physical activity guidelines offer a clear communication: ‘If 

physical activity were a drug, we would refer to it as a miracle cure, due to the great many 

illnesses it can prevent and treat’ (Department of Health and Social Care, 2019). Physical activity 

has a major impact on health, improves musculoskeletal conditions and mental health (Chekroud 

et al., 2018, Lee et al., 2012, Skou et al., 2018). Increasing and maintaining physical activity levels 

is crucial for health and the World Health Organisation’s (WHO) global action plan aims to cut 

physical inactivity by 30% by 2030 (World Health Organisation, 2018). The COVID-19 pandemic 

has focused attention on health and physical activity, as those presenting with severe symptoms 

and those that have died from the disease, have a high prevalence of coexistent conditions 

including diabetes, cardiovascular disease and obesity (Apicella et al., 2020). The message is 

strong; we need more emphasis on enabling people to become active and remain active.  

1.1.1 Movement quality 

Physical activity is movement. McGonical neatly defines movement as ‘using your body to engage 

with life’ (Chatterjee, 2020, McGonigal, 2019). Changes in the way people move may influence 

their ability to be physically active, and use their body to engage with life, which ultimately 

influences their health. 

Movement quality has been defined as the qualitative identification and rating of functional 

compensations, symmetries, impairments and/or efficiency of movement control in tasks, (e.g., 

walking and squatting) (Whittaker et al., 2017). Changes in movement quality, specifically how 

people coordinate movement, have been identified in people with pain, history of pain and 

fatigue (Worsley et al., 2013, Huygaerts et al., 2020, Luomajoki et al., 2008), and linked to risk of 

injury (Roussel et al., 2009b, Dingenen et al., 2015, Schuermans et al., 2017a, Rossi et al., 2020, 

Attwood et al., 2018). Motor coordination problems may affect psychosocial health and emotions 

(Li et al., 2019). With a clear goal of enabling people to become active and remain active, health, 

wellness and fitness professionals are recognising the importance of addressing movement 

quality (Roetert and Ortega, 2019, Blagrove et al., 2020). The focus of this thesis is on efficiency of 

movement control, in particular, movement coordination strategies (MCS); the clinically 
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observable changes in the configuration of joints of the body (dynamic alignment) in individuals 

during the performance of a task. 

1.1.2 Health promotion and the Health of Movement  

Health promotion is the process of enabling people to increase control over factors that influence 

their health, and thereby improve their health (Tulchinsky and Varavikova, 2014). This thesis 

proposes that one factor influencing people’s health is movement quality, and in particular, MCS. 

If we can empower people to influence their MCS to improve movement quality and subsequent 

health, this could be considered a worthwhile health promotion activity. Promotion of the health 

of movement is a focus of health policies and interventions (Roos et al., 2018). 

1.1.3 Outlining the Health of Movement  

The WHO’s definition of health is complete physical, mental and social wellbeing, and not merely 

the absence of disease or infirmity (World Health Organisation, 2020a). This definition is limited 

by the dependence on a health professional identifying a disorder, which may or may not be 

problematical. A more inclusive definition is ‘a state of balance, an equilibrium that an individual 

has established within themselves and between themselves and their social and physical 

environment’ (Sartorius, 2006). This allows for a more social humanistic approach to health and 

acknowledges an individual’s will and ability to act upon their feelings and desires to influence 

their health status (Gronblom Lundstrom et al., 2019). 

Movement health may be informed by the ability of an individual to display choice in MCS 

(Mottram and Blandford, 2020), and is proposed to be a marker of the health of movement 

(Dingenen et al., 2018). The health of movement/movement health in this thesis is developed 

further and defined as a state, at any given time, which is a balance between how an individual 

uses their body to engage with life and an ability to display choices in MCS. This definition 

respects how an individual’s movement is influenced by numerous constraints in the short-term, 

long-term and across the life-course (Dingenen et al., 2018) and their will and ability to act upon 

their feelings and desires. The connection between the terms and relationship to MCS is 

illustrated in Figure 1.1. Do we have to rethink the movement story and consider how the 

emergence, continuation and/or recurrence of pain and pathology is influenced by MCS, and 

equally important how this influences function and a person’s potential to use their body to 

engage with life? 
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Figure 1.1 The health of movement 

1.2 Proof-of-concept, theoretical frameworks and establishing 

robustness of assessment tools with five core publications  

If MCS contribute to the status of the health of movement and influence quality of life, proof-of-

concept needs to be established to guide definitive research, so practice can be informed. This 

commentary will discuss five original core publications, by the author including two theoretical 

papers developing concepts and a clinical reasoning framework (Mottram and Blandford, 2020, 

Dingenen et al., 2018); one reliability study to establish robustness of an assessment tool 

(Mischiati et al., 2015); one proof-of-concept case study including validity of concept (Mottram et 

al., 2019) and one original anatomical paper presenting the architectural morphometry of 

serratus anterior (Webb et al., 2018a). A summary sheet and copy of each publication are 
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attached (page 95). Key elements are detailed in Table 1-1 and highlighted in bold throughout 

the text. Contributions, from the author of this thesis, to all publications are detailed in Appendix 

A.  

Table 1-1 Key elements of five core publications included in this thesis 

The five core publications are highlighted in bold throughout the text 

Paper 1: Dingenen B, Blandford L, Comerford M, Staes F, Mottram S. The assessment of 

movement health in clinical practice: A multidimensional perspective. (Dingenen et al., 2018) 

(theoretical concepts) 

Historical models of movement assessment from pathokinesiology to kinesiopathological to 

new model of movement health. Presentation of rationale for the clinical assessment of 

movement health and key elements include: 

1. A new model for assessing movement in clinical practice 

2. ‘The Movement Evaluation Model’ focusing on emerging 

movement coordination strategies (MCS) from interaction of 

individual, task and environment constraints (Figure 2.2), with 

two assessment strategies: 

• Evaluation of preferred movement patterns (observing biomechanical patterns 

with kinematics) 

• Or cognitive movement control evaluation with cognitive movement control 

tests (CMCTs; testing for efficient movement control) 

3. Clinical interpretation of findings from assessment of preferred movement patterns and 

cognitive movement control evaluation to inform retraining. 

Paper 2: Mottram, S. and Blandford, L. 2020 Assessment of movement coordination strategies 

to inform health of movement and guide retraining interventions. (Mottram and Blandford, 

2020) (theoretical concepts) 

Rationale for clinical assessment of MCS and key elements include: 

• Exploration of movement quality and movement as problem solving, i.e., 

individuals can vary movement solutions in response to a perpetual state of 

changing demands influenced by constraints 
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• Consideration of how wealth of degrees-of-freedom available in the movement 

system (i.e., motor abundance), adds variance (variability), gives the body ability to 

respond to unexpected perturbations with the changing environment (Latash, 

2012) and provides potential for problem solving 

• Discussion on how altered MCS may illustrate altered problem solving – may relate 

to specific constraints, as described in the dynamic systems model 

• Presentation of the term loss of movement choices (LMC) 

• Testing patterns of MCS with cognitive movement control tests (CMCTS), to 

identify LMC, assessment procedure with examples 

• Restoring movement choices 

• Assessment and retraining of LMC within a clinical reasoning framework. 

Paper 3: Mottram S, Warner M, Booysen N, Bahain-Steenman K, Stokes M. Retraining in a 

female elite rower with persistent symptoms post-arthroscopy for femoroacetabular 

impingement syndrome: a proof-of-concept case report. (Mottram et al., 2019) (proof-of-

concept, validity of concept)  

This proof-of-concept case report supports hypothesis that testing MCS, with a battery of 

CMCTS, can inform a targeted cognitive movement control retraining strategy, and improve 

symptoms, activity limitations, participation/activity restrictions and quality of life, in an elite 

rower with persistent hip pain and femoroacetabular impingement syndrome (FAIS). 

Rationale for exploring a movement-based approach in this rower was based on: 

1. Biomechanical impairments are observed in people with FAIS (Diamond et al., 2018, 

King et al., 2018) 

2. A relative dynamic anterior pelvic tilt results in an earlier occurrence of impingement in 

the arc of motion, whereas a relatively dynamic posterior pelvic tilt results in a later 

occurrence of impingement (Ross et al., 2014). Ten degrees of anterior pelvic tilt 

reduced the impingement-free range of motion arc of internal rotation by 5-9°. This is 

relevant to the provocative activity, hip flexion at catch phase in rowing 

3. Control of lumbo-pelvic movements during hip flexion are important for rowing 

technique and performance 

4. Previous physiotherapy had not included specific movement re-education. 

The targeted movement retraining programme, linking results of assessment findings to 

individual targeted movement control retraining, changed biomechanical and 
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neurophysiological measures, with less excursion of pelvic tilt and improved muscular control 

of the pelvis, in particular anterior tilt. These movement control issues were related to clinical 

presentation and requirements of the rowing stroke. 

Paper 4: Webb A, O’Sullivan E, Stokes M, Mottram S. A novel cadaveric study of the 

morphometry of the serratus anterior muscle: one part, two parts, three parts, four? (Webb 

et al., 2018a) (anatomical architecture) 

Dissection study, presenting the fascicular morphometry of serratus anterior. The attachments 

sites were presented along with orientation and size of fascicles and physiological cross-

sectional area. Three subdivision were described with a novel finding of two distinct fascicles 

attached to the superior and anterior aspects of rib 2. Functional roles were proposed for the 

different parts of serratus anterior, in particular to controlling orientation of the scapula. 

Paper 5: Mischiati C, Comerford M, Gosford E, Swart J, Ewings S, Botha N, Stokes M, 

Mottram S. Intra and inter-rater reliability of screening for movement impairments: 

movement control tests from The Foundation Matrix. (Mischiati et al., 2015) (reliability 

of tests) 

This study established acceptable the intra and inter-rater reliability, of two experienced 

therapists’ assessment of video recordings of cognitive movement control tests, from The 

Foundation Matrix. Twenty participants carried out nine tests and the therapists scored 39 

questions. Accounting for right and left scores, where necessary, 75 criteria were evaluated for 

each participant. Real-time versus video recording was poor. Statistical limitations of Cohen 

Kappa’s and intraclass correlation coefficient (ICC) were highlighted. 
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1.2.1 Twenty-five years of exploring the Health of Movement 

Over the last 25 years, four key elements have led to the development of the concepts presented 

in this thesis (Figure 1.2). 

 

Figure 1.2 Four key elements, from the author’s clinical-academic journey, contributing to the 

concepts presented in this thesis. 

Clinical Experience
Placing movement at the centre of clinical 
practice
Testing MCS (movement coordination 
strategies)
Prioritising retraining, matching changes in 
MCS to an individual’s health of movement 
and presentation to: manage pain, influence 
lifestyle and activities, improve movement 
efficiency and performance, and mitigate risk 
of injury
Building robust movement through 
movement coaching.

Education and Technological Innovations
Ambition to integrate practical and 
academic knowledge, from author's work 
and others, to enable movement 
practitioners to create a structured 
framework to facilitate an effective reasoned 
approach to improve the health of 
movement. 
Comera Movement Science Ltd (CMS), 
incorporated as Kinetic Control Ltd in 1995, 
has been route for teaching this practice to 
date. Development and delivery of education 
and consultancy, technology systems and 
resources (e.g. The Performance Matrix, 
exercise catalogues) 
(www.comeramovementscience.co.uk)

Movement Methods
Evolution of  movement coaching skills from 
experiential learning, communication and 
feedback from individuals as they have 
witnessed changing their movement 
patterns.
Exploration of the mind-body connection 
and practical application with certifications 
in teaching the movement methods of 
Pilates, Gyrotonic®, Gyrokinesis® and most 
notably Garuda. Garuda's principles of 
attention, intention and enquiry are integral 
to changing MCS (www.thegaruda.net). 
Long-established practice of these 
movement systems has helped develop the 
science and art of movement coaching.

Exploring the Health of Movement
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1.2.2 Published and related work in the commentary 

Contributions by the author of this thesis to 30 peer reviewed publications, and one textbook, are 

detailed in Appendix A. Holding a post of Visiting Academic at the University of Southampton, UK 

since 2005, has led to seven collaborative publications with Maria Stokes, Professor of 

Musculoskeletal Rehabilitation, School of Health Sciences, University of Southampton and an 

opportunity to hold an Associate Membership at the Centre for Sport, Exercise and Osteoarthritis 

Research Versus Arthritis (comprising 6-universities, led by Queen’s Medical Centre, Nottingham 

UK; Bath, Leeds, Loughborough, Oxford, Nottingham and Southampton). Further collaboration 

with researchers in Europe has included contributions to the clinical aspects of movement 

assessment and retraining in PhDs by Publication; Natalie Roussel, Universiteit Antwerpen, 

Belgium (Roussel et al., 2009b, Roussel et al., 2013, Roussel et al., 2009a); Filip Struyf, Vrije 

Universiteit, Belgium (Struyf et al., 2011a, Struyf et al., 2011c, Struyf et al., 2011b, Struyf et al., 

2013, Struyf et al., 2014, Struyf et al., 2009); and Harpa Helgadottir, University of Iceland, Iceland 

(Helgadottir et al., 2010, Helgadottir et al., 2011). 

1.3 Aims of thesis 

This thesis explores the health of movement and how changes in the way people move, in 

particular MCS can influence how they use their body to engage with life.  

The aim of this thesis is to present theoretical and research papers to support the concept that 

assessing and retraining MCS may improve the health of movement. This includes the 

presentation of theoretical concepts (Mottram and Blandford, 2020, Dingenen et al., 2018), 

research showing some proof-of-concept and the validity (Mottram et al., 2019) and reliability 

(Mischiati et al., 2015) of the assessment procedures and an anatomical study illustrating how 

understanding muscle morphology may direct training interventions (Webb et al., 2018a). 

This commentary includes: 

• The presentation of five core published papers Table 1-1 

• Additional theoretical and researched-based publications to support the concept  

• Reporting on how restoring MCS may influence pain, recurrent pain, pathology, lifestyle, 

activities, participation, movement efficiency, performance and mitigate risk of injury. 

The specific aims are detailed in Table 1-2, which are addressed by the core papers in relation to 

specific chapters. Research includes studies on healthy people, people with pain, activity and 

participation limitations, youth to older people and people across the activity spectrum from less 

active to elite sports men and women. 
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The concept has been constantly evolving and refined through an iterative process, reflective 

practice and the advancing knowledge in the field. The commentary details the aims and nature 

of the research; the coherence between the published papers; how the material fits within the 

content of other work in the field and the nature and extent of the author’s original contribution. 

1.3.1 Structure of thesis 

This thesis consists of seven chapters (Figure 1.3). The structure and content are outlined in Table 

1-2. 

 

Figure 1.3 Illustration of the journey of the thesis across seven chapters

The HEALTH of MOVEMENT -
recognising movement 

choices in individuals for long 
term health 

Chapter 1 
Introduction

Chapter 2          
The Health of 

Movement

Chapter 3                         
Aspects of 

anatomy and 
neurophysiological 

function

Chapter 4                  
Assessment of 

loss of 
movement 

choices using 
cognitive 

movement 
control tests

Chapter 5 
Cognitive 

movement 
retraining

Chapter 6 
General discussion - The Health of 

Movement: significance, 
implementation & impact

Chapter 7 
Conclusions & 

recommendations
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Table 1-2 Structure and content of thesis 

Chapter 1: Introduction: The health of movement, movement quality, quality of life; aims of 

thesis 

Exploring movement, health and movement coordination strategies (MCS). 

Chapter 2: The Health of Movement (Dingenen et al., 2018, Mottram and Blandford, 2020) 

The concept for evaluating and restoring the health of movement, with theoretical 

publications. 

Aims to demonstrate: 

• MCS can be evaluated with cognitive movement control tests (CMCTs)  

• CMCTs can reveal inability to display choices in movement, termed loss movement 

choices (LMC). 

Chapter 3: Aspects of anatomy and neurophysiological function (Webb et al., 2018a, Mottram 

et al., 2019) 

Aims to illustrate how researched-based publications provide evidence to support the methods 

of assessment and retraining of MCS with:  

• An original anatomical article on serratus anterior morphometry, to inform movement 

retraining strategies 

• Proof-of-concept case study illustrating validity of assessment 

• Additional non-core papers. 
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Chapter 4: Assessment of loss of movement choices using cognitive movement control tests 

(Mischiati et al., 2015, Mottram and Blandford, 2020, Mottram et al., 2019)  

The cornerstone of the concept, using cognitive movement control tests to reveal loss of 

movement choices to inform retraining. 

Aims to demonstrate:  

• Reliability of CMCTs 

• Theoretical concepts and a clinical reasoning process 

• Proof-of-concept case using CMCTs and use of The Foundation Matrix Movement Screen  

• The clinical utility of CMCTs to identify LMC. 

Chapter 5: Cognitive movement retraining (Mottram and Blandford, 2020, Mottram et al., 

2019) 

Personalised cognitive movement retraining plans directed by assessment of MCS.  

Aims to demonstrate: 

• Effect of movement control retraining with proof-of-concept case study 

• A clinical reasoning framework directed by an individual’s narrative, presentation and 

goals to change MCS to improve the health of movement.  

Chapter 6: General Discussion - The Health of Movement: significance, implementation & 

impact 

25 years of changing MCS and improving the health of movement.  

Chapter 7: Conclusion and recommendations 

Will you commit to the ‘Health of Movement’ movement? 
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Chapter 2 The Health of Movement  

The relationship between the health of movement and movement coordination strategies (MCS) 

has been outlined in Figure 1.1. Changes in MCS have been identified in the presence of pain 

(Worsley et al., 2013, Botha et al., 2014, Luomajoki et al., 2008) and observed with altered 

kinematics (joint coordination) (Capobianco et al., 2018) and intermuscular coordination (muscle 

synergy coordination) (Claus et al., 2018) (Figure 2.1). This chapter sets out the concept for 

evaluating the health of movement, by evaluating intersegmental (joint) MCS. This thesis argues 

for the inclusion of assessing and retraining of MCS into current practice, to restore the health of 

movement for improved quality of life. Two of the core papers are discussed in this chapter to 

support this concept (Mottram and Blandford, 2020, Dingenen et al., 2018). 

 

Figure 2.1 Movement coordination strategies: intersegmental (joint) and muscle synergy 

coordination 

2.1 Movements patterns 

2.1.1 The dynamic systems theory 

The dynamic systems model proposes that an individual’s movement patterns/outcomes emerge 

out of interaction of three domains, and their respective constraints (Holt et al., 2010, Newell, 

1986). The domains are: i) the individual (e.g., co-morbidities, joint restrictions); ii) the task (e.g., 

walking); and iii) the environment (walking within confines of home or outdoors) and have been 

described previously (Dingenen et al., 2018).  
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In this thesis, movement evaluation focuses on the emerging MCS, at any given time, which is the 

result of the innumerable, and often latent contributing and interactive factors of the domains 

rather than on individual constraints (Dingenen et al., 2018) (Figure 2.2). There is support in 

rehabilitation environments for an optimal exercise-based protocol or modality, for a specific 

condition or constraint (Haroy et al., 2019, Malliaras et al., 2020, Kloskowska et al., 2016). 

However, there is growing support for the retraining of MCS for musculoskeletal conditions 

(Wilson et al., 2018, Worsley et al., 2013, Mottram et al., 2019). Rehabilitation protocols defined 

by a particular condition, constraint or pathology, may not address the complexity of individual 

presentations (Naunton et al., 2020). 

 

Figure 2.2 Movement is observed as the interaction of constraints of the individual, task and 

environment and assessed by evaluating movement coordination strategies 

(modified from Mottram and Blandford, 2020). 

2.1.2 Evolving ‘motor control’ 

Motor control is defined as an area of science exploring how the nervous system interacts with 

other body parts and the environment to produce purposeful, coordinated movements (Latash, 

2012). Low argues motor control is ‘a complex, broad and ambiguous concept within 

musculoskeletal physiotherapy’ and raises the question ‘when describing poor motor control, 

what does it mean and in what context?’ (Low, 2018). The concept within this thesis proposes: 
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• ‘Motor’/movement control is evaluated by assessment of MCS 

• MCS are characterised by their attributes (i.e., coordination patterns) 

• MCS are notated by describing their observable changes. 

Evolution of the concepts are illustrated in Appendix B. 

2.1.3 Are changes in movement coordination strategies part of the clinical picture? 

The human movement system is designed to be able to reorganise MCS spontaneously in 

response to ever changing tasks and environmental constraints (Davids et al., 2003, Wikstrom et 

al., 2013). Alterations in MCS can be observed in the short-term (e.g., in the presence of pain) or 

the long-term, (e.g., years after anterior cruciate reconstruction) (Dingenen et al., 2018). 

Bittencourt advocates injury prediction should move from individual risk factor identification, to a 

complex model of risk pattern recognition (Bittencourt et al., 2016). Movement coordination 

strategies may emerge as being an important determinant in the patterns of interactions and the 

emerging injury risk. Neuromuscular training programmes, which include training elements to 

change dynamic alignment, coordination and motor skills, have been shown to improve 

movement quality (Kiesel et al., 2011), performance (Pasanen et al., 2009) and prevent injuries 

(Pasanen et al., 2008, Caldemeyer et al., 2020). Alterations in MCS have been noted in different 

cohorts (Worsley et al., 2013, Roussel et al., 2009b, Botha et al., 2014) including in individuals 

without pain (Warner et al., 2015, Hamill et al., 2012). 

The assessment and restoration of MCS is considered for: 

• Management of people in pain, recurrence of pain and with pathology 

• Individuals seeking to change their lifestyle and increase participation in activities  

• Improving performance, movement efficiency 

• Mitigating risk of injury. 

2.2 Assessment of movement coordination strategies 

One of the core papers included in this thesis is a masterclass (Dingenen et al., 2018) presenting 

two approaches to evaluating MCS: 

• Observation of preferred movement patterns  

• Testing for patterns of MCS (choice in movement) (Figure 2.2). 

Evaluation of preferred movement patterns are observed during a task (e.g., sit to stand), 

performed without any prior instruction on movement quality and can be considered 
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biomechanically more or less advantageous for the person, at a particular point in time (Dingenen 

et al., 2018). However, evaluation of preferred movement patterns does not explore the ability of 

a person to cognitively influence MCS (choice). A second core paper details the concept of 

questioning the ability of an individual to alter MCS and is discussed throughout thesis (Mottram 

and Blandford, 2020). 

2.2.1 Variability in movement 

Each individual moves differently; variability in movement is normal and is becoming increasingly 

recognised as an important marker of the health of movement (Hamill et al., 2012, Kiely, 2017). 

Variability of a movement outcome has been described as: i) the consistency in what is achieved 

(e.g., stride length in running), and ii) as coordination variability, the range of coordinative 

strategies exhibited whilst performing the movement outcome (Preatoni et al., 2013). Both of 

these types of variability can be high or low and Dingenen proposed a ‘window’ of variability in 

which healthy people function (Dingenen et al., 2018). Clinical groups (e.g., people with pain or 

altered proprioception) are observed to demonstrate both reduced and increased variability of 

movement (Madeleine et al., 2008, Baida et al., 2018, Nordin and Dufek, 2019). Reduced 

coordination variability has been associated with overuse injuries (Hamill et al., 2012). Movement 

coordination strategies vary within individuals, between trials of a task, and between individuals 

performing the same task (Needham et al., 2015, Hamill et al., 2012). This makes assessment 

challenging and highlights the need for finding clinic-ready solutions for assessing MCS, to identify 

reduced coordination variability to direct retraining and measure outcomes. 

2.2.2 Clinical assessment of movement coordination strategies by testing choice in 

movement  

The theoretical concept paper (Mottram and Blandford, 2020) presents how movement health is 

described by the ability to demonstrate access to motor abundance. The principle of motor 

abundance suggests the central nervous system has the ability to facilitate families of solutions 

(coordinated movements) equally able to solve a task, that are not the same over repeated trials 

(Latash, 2012). This abundance allows for adaptation across a variety of environmental conditions 

and helps the body deal with unexpected perturbations. 

Testing choice in movement, by asking a person to move in a predetermined way, using cognitive 

movement control tests (CMCTs) is proposed to question the ability to access motor abundance 

and specific MCS; in contrast, observing preferred movement patterns relies on an individual 

selecting their own pattern (Dingenen et al., 2018, Mottram and Blandford, 2020). 
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Coordination variability is reported in the literature using kinematic measures (Desai and Gruber, 

2020, Davis et al., 2019, Weir et al., 2019). A clinical assessment framework, not requiring 

technology, and the rationale for using CMCTs to question movement variability is described in 

one core paper (Mottram and Blandford, 2020). Cognitive movement control tests evaluate an 

individual’s ability to cognitively coordinate movement at a specific joint or region (site) in a 

particular plane of movement (direction), under low and high threshold (Mottram and Blandford, 

2020, Mottram and Comerford, 2008). An inability to access motor abundance and display choices 

in MCS, are defined as loss of movement choices (LMC); notated by site, direction and threshold® 

(Mottram and Blandford, 2020, Mottram and Comerford, 2008) (Figure 2.3). 

 

Figure 2.3 Loss of Movement Choices notated by Site, Direction and Threshold® 

This thesis presents support for re-establishing motor abundance, lost movement choices and 

improving the health of movement by restoring MCS (Figure 2.4). Restoring loss of movement 

choices to optimise the health of movement is illustrated in (Figure 2.5) and discussed in Chapters 

3 -5. 
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Figure 2.4 Testing for and restoring movement coordination strategies  

 
Figure 2.5 Restoring loss of movement choices to optimise the health of movement 
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2.3 Summary Chapter 2 

Two core papers have been presented in this chapter (Dingenen et al., 2018, Mottram and 

Blandford, 2020). The theoretical concept for evaluating and restoring the health of movement 

have been outlined: 

• Movement coordination strategies can be evaluated with CMCTs (see Chapter 4) 

• CMCTs can reveal an inability to display choices in movement, termed loss of movement 

choices (LMC) 

• LMC can be restored by cognitive movement retraining (see Chapter 5) Figure 2.4. 

The next chapter explores aspects of anatomical and neurophysiological function to support 

the methods of assessment and retraining of MCS. 
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Chapter 3 Aspects of Anatomy and Neurophysiological 

Function  

This chapter explores aspects of anatomical and neurophysiological function to strengthen the 

scientific basis underpinning measures of function and impairment. Two of the core papers are 

discussed; an original anatomical article of serratus anterior morphometry (Webb et al., 2018a), 

and a proof-of-concept case study illustrating the assessment of movement with movement 

analysis and electromyography technology (Mottram et al., 2019). Further relevant publications, 

by the author of this thesis, supporting kinematic and neurophysiological changes in different 

cohorts are presented. 

3.1 Exploring the morphometry of Serratus Anterior 

3.1.1 Background and scapular orientation  

Serratus anterior is a key focus of training both in the rehabilitation and sports setting (Pieters et 

al., 2020, Cools et al., 2020). Serratus anterior is considered to be an important muscle in 

maintaining and controlling orientation of the scapula (Webb et al., 2018a). The background to 

the development of the serratus anterior morphometry paper is outlined in Appendix C. This 

includes the concept of controlling the orientation of the scapula in rehabilitation.  
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Figure 3.1 Key markers for assessing scapula orientation with arm by the side.  

The scapula is between the ranges of upward and downward rotation (acromion (a) 

higher than superior-medial angle of the scapula (b)), external and internal rotation 

(medial border in contact with ribcage) (c) and posterior and anterior tilt (inferior 

angle in contact with ribcage) (d) (Mottram, 1997, Worsley et al., 2013). 
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3.1.2 Linking findings from anatomical morphometry study of Serratus Anterior to the 

action on scapula 

The dissection study of serratus anterior identified subdivisions with distinctive attachment sites 

and fascicle angles (Webb et al., 2018a). The results suggest the subdivisions may have different 

actions on the scapula (Appendix D). The present author proposes:  

• The upper division controls loss of movement choices (LMC) of site (scapula); direction, 

(downward rotation) 

• The middle division controls LMC of site, (scapula) direction, (internal rotation/winging) 

• Lower division control LMC of site, (scapula); direction, (downward rotation and 

retraction) (see Figure 2.3). 

The orientation of the scapula with the arm by the side is the starting position for the cognitive 

movement control tests (CMCTs) at the scapula (Mottram and Blandford, 2020, Comerford and 

Mottram, 2012) and retraining strategies (Mottram, 1997, Struyf et al., 2013, Worsley et al., 2013) 

and is outlined in Figure 3.1. This concept developed from the clinical observation that individuals 

with neck and shoulder pain present with a LMC of site (scapula); direction, (downward rotation) 

on the Arm Flexion Test (4.3.1) (Mottram, 1997, Mottram et al., 2007, Comerford & Mottram 

2012). A scapular orientation exercise has been described which aims to take the scapula from the 

clinically observed position of downward rotation to a mid-position (Mottram et al., 2007). The 

novel anatomy of the upper division, reported in the core anatomical study, identified a possible 

functional link to controlling the orientation of the scapula (Webb et al., 2018a). The vertically 

orientated short thick rib 1 and 2 fascicles potentially anchor the superior angle and contribute to 

controlling LMC downward rotation of the scapula.  

The results from this study could inform movement retraining strategies to influence the 

recruitment of different subdivisions of serratus anterior and address specific sites and directions 

of LMC at the scapula, thus influencing orientation. In support, conscious control of the scapula 

(Mottram, 1997, Mottram et al., 2009b) has been shown to alter scapular orientation and muscle 

activation (Antunes et al., 2016, Worsley et al., 2013, Ou et al., 2016). Anatomical muscle 

morphometry is providing an insight into the potential functional roles which may direct training 

interventions (Kennedy et al., 2017, Assi et al., 2021, Storey et al., 2016). 

As there are no current guidelines for electromyography (EMG) sensor placement for different 

subdivisions of serratus anterior, this research could inform on EMG electrode placement but 

would first need to be examined using fine wire electrodes to test this proposition. 
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3.1.3 Further study on Trapezius morphometry (paper in preparation) 

To complement the serratus anterior project, a similar study was conducted on the trapezius 

muscle; aiming to quantify its morphometry (Bennett et al., 2015). Understanding the segmental 

actions may facilitate development of effective movement retraining strategies for the neck and 

shoulder. Methods, preliminary results and suggested actions are outlined in Table 3-1. 

Table 3-1 Trapezius morphometry, methods, preliminary results and suggested actions 

(Bennett et al., 2015) 

Trapezius 

Methods: 

• Twenty trapezius muscles were dissected from 10 embalmed cadavers 

• Dimensions of the muscle and orientation of each fascicle was measured  

• Each fascicle was dissected to document its attachments and quantify fascicle length, 

thickness and volume, and to calculate the physiological cross-sectional area. 

Anatomical findings: 

• Upper division (occiput to C6) fascicles, orientated 137°±12 to 93°±10 degrees to the 

spinous processes, attached to the lateral clavicle 

• Middle division (C7 to T2) fascicles orientated 90°±7 to 85°±9 degrees to the spinous 

processes, attached along the spine of the scapula 

• Lower division (T3 to T12) fascicles, orientated 75°±11 to 29°±10 degrees to the 

spinous processes, attached via a common tendon to deltoid tubercle 

• The middle division PCSA (3.71cm2) was the largest, comprising 47% of total 

trapezius PCSA, compared to upper (1.71cm2) and lower (2.55cm2) divisions. 

Proposed action: 

• Upper division: retraction of the clavicle 

• Middle division: upward rotation, internal rotation and posterior tilt of the scapula 

• Lower division: controls scapular elevation and provides an anchor at deltoid 

tubercle to facilitate upward rotation and posterior tilting. 
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3.2 Proof-of-concept case study illustrating movement analysis and 

electromyography during a cognitive movement control test  

The second core paper is a proof-of-concept case study presenting validity of concept (Mottram 

et al., 2019). Pelvis and femur kinematics and EMG of tensor fascia lata (TFL) and rectus femoris 

(RF) were used as outcome measures during the Seated Hip Flexion CMCT pre- and post-cognitive 

movement retraining. Kinematic data revealed changes in pelvic movement pre-to-post 

intervention on the symptomatic side, (posterior tilt 11° to 6.5°, upward rotation (hitch) 5.2° to 

3.2° and external rotation (anticlockwise rotation) 14.4°to 10.51°), which matched the focus of 

intervention (see 4.2.3). Range of hip flexion was similar pre-to-post illustrating that although the 

knee reached same place in space, the pattern of movement changed with less excursion of the 

pelvis. Onset timing of EMG of TFL and RF revealed muscle activation as delayed pre compared to 

post intervention. It could be hypothesised the hip flexor muscle synergies show changes in 

recruitment patterns to match the movement patterns of less pelvic movement and more hip 

flexion. These findings support the concept that cognitive movement retraining alters movement 

patterns, and these can be measured with EMG onset timing and kinematics as previously 

illustrated (Worsley et al., 2013) (see section 5.2). 

3.3 Further publications, by the author of thesis, supporting kinematic 

and neurophysiological changes across different cohorts 

This section presents further studies, illustrating kinematic and neurophysiological changes, 

associated with changes in MCS, across different cohorts. 

Altered MCS have been reported in people with neck pain (Helgadottir et al., 2011, Helgadottir et 

al., 2010) and shoulder pain (Warner et al., 2015, Worsley et al., 2013) (Appendix C). Differences 

in scapular kinematics are seen in different cohorts (Warner et al., 2018) supporting the 

hypothesis that changes in MCS are associated with shoulder impingement syndrome 

presentations (SIS) (Appendix E). 

Bracing and breath holding strategies are often observed during CMCTs (Comerford and Mottram, 

2012). Roussel’s study offers support for including the assessment of breathing patterns during 

CMCTs (Roussel et al., 2009a) (Appendix E). 

Differences in MCS have been observed in people without shoulder pain as well as those with 

shoulder pain (Warner et al., 2015) (Appendix C). How these observations may influence risk of 

injury or performance needs further exploration. Athletes who developed shoulder pain, 
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demonstrated significantly less upward scapular rotation at baseline than those athletes that 

remained pain-free (Struyf et al., 2014). Although this characteristic was not predictive of the 

development of shoulder pain, it does illustrate the potential importance of assessing not only the 

range of upward rotation but also the MCS associated with arm elevation. 

3.4 Summary Chapter 3 

This chapter provides evidence for anatomical and neurophysiological function, to support the 

scientific basis underpinning the assessment and retraining of MCS (Webb et al., 2018a, Mottram 

et al., 2019). The anatomical findings have informed retraining strategies and neurophysiological 

function has been seen to vary between different cohorts and to change with cognitive 

movement retraining. This evidence supports the design of assessment strategies to identify MCS, 

and retraining strategies to improve pain, function and quality of life. Chapter 4 utilises this 

knowledge to review assessment strategies to identify MCS. 

 



Chapter 4 

27 

Chapter 4 Assessment of Loss of Movement Choices 

using Cognitive Movement Control Tests  

The concept within this thesis proposes the health of movement is influenced by movement 

coordination strategies (MCS) (Figure 1.1). This chapter uses three core publications to support 

use of cognitive movement control tests (CMCT’s) to identify loss of movement choices (LMC) 

(Figure 2.4): 

• The theoretical concepts (Mottram and Blandford, 2020) 

•  A reliability study of an assessment tool (Mischiati et al., 2015) 

• A proof-of-concept case study (Mottram et al., 2019). 

4.1 Development of concept for assessing for loss of movement choices 

with cognitive movement control tests 

Assessment of MCS with CMCTs requires an individual to cognitively coordinate movement at a 

specific region (e.g., low back), in a particular plane of movement (e.g., flexion), while challenging 

coordination by producing movement at another joint segment to a benchmark standard 

(Mischiati et al., 2015, Wilson et al., 2018, Mottram and Blandford, 2020). These tests can be 

performed under low and high threshold loading (non-fatiguing alignment and coordination skills 

or fatiguing strength and speed challenges) during single and multi-joint movements (Mischiati et 

al., 2015). These clinical tools, using observational rating of movement, require subjective 

decision making by the therapist on the presence of ‘observable’ movement occurring at a 

specified test site (Mottram and Blandford, 2020); (e.g., is flexion observed at the low back?).  

The timeline for the developments of CMCTs are outlined in Appendix B. The following sections 

detail scientific support for these tests. 

4.2 Core publications supporting the reliability of cognitive movement 

control tests 

4.2.1 Assessment of movement coordination strategies 

The concept and assessment procedure for CMCTs within a clinical framework to evaluate LMC 

has been detailed (Mottram and Blandford, 2020) (Figure 2.4). Five CMCTs, assessing for the site, 
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direction and threshold® of LMC were presented with reference to literature to support reliability 

and clinical utility (Figure 2.3) (Mottram and Blandford, 2020). 

4.2.2 Intra and inter-rater reliability cognitive movement control tests (experienced 

raters) 

The second core paper supporting this chapter, reported on reliability of CMCTs with experienced 

raters (Mischiati et al., 2015). The results demonstrated good inter-rater reliability, excellent 

intra-rater reliability but real-time versus video was moderate to poor (Appendix F). For example, 

results from criteria for Test 2d– ‘can you prevent the weight bearing knee turning in across the 

foot to follow the pelvis as you turn the pelvis away from the standing foot?’; intra-rater reliability 

was 100% for both raters, inter-rater-reliability 92.5%, but real-time versus video was only 55%. 

This illustrates therapists moving around a room, assessing movement from a 3-D perspective, 

give differing results to a 2-D perspective (video recording). This is supported by results reporting 

differences in 3-D hip and knee kinematic profiles during a single leg squat, even among people 

that had similar 2-D frontal plane projection angles (Di Staulo et al., 2019). 

4.2.2.1 Intra-rater reliability cognitive movement control tests (novice raters)  

Results of a reliability study still in preparation (Mottram et al.) for two novice raters, evaluating 

the same video recordings of CMCTs used by Mischiati (Mischiati et al., 2015), show acceptable 

intra-rater reliability Table 4-1. There has been a rapid implementation of virtual clinics, since the 

outbreak of the COVID-19 pandemic, so establishing the reliability of virtual assessment methods 

has become urgent (Gilbert et al., 2020, Cottrell and Russell, 2020). Reliability of testing for LMC, 

by remote observations (video recordings), has been demonstrated (Mottram et al. in 

preparation) (Mischiati et al., 2015). 
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Table 4-1 Results of intra-rater reliability cognitive movement control tests (novice raters) 

Virtual assessment of movement coordination strategies using cognitive movement control 

tests: intra-rater reliability of novice raters. 

Mottram et al. (in preparation) 

Methods: 20 university sports students performed tests and were scored by two novice 

therapists. Intra-rater reliability of 75 criteria from nine CMCTs from The Foundation Matrix 

movement screen. 

Results: overall percentage agreements for both novice raters combined was 86%, (Rater 1 

88%, Rater2 84%) 

AC1 and Kappa range values for Rater 1 were, AC1 = 0.27-1.00, Kappa = -0.06-1.00 and Rater 2, 

AC1 = 0.01-1,00, Kappa = -0.05-1.00 

ICC’s for overall agreement were good for Rater 1 0.90 (95% CI: 0.76-0.96) and moderate for 

Rater 2 0.72 (95% CI: 0.41 – 0.88). 

4.2.2.2 Statistical analysis of cognitive movement control tests 

Mischiati et al. (2015) reported limitations using Cohen’s Kappa coefficient despite it 

being widely used in observational studies to determine the reliability of measurements (O'Leary 

et al., 2014, Mischiati et al., 2015, Webb et al., 2018b). Kappa often applies a drastic correction 

for chance, particularly in cases where there are few agreements or many agreements between 

pairs (Grant et al., 2017), as seen in movement quality/screening tests (Whatman et al., 2012). 

Gwet’s AC1 is chance-adjusted and as opposed to Kappa, uses average rather than individual 

marginal totals making it more robust with regard to extreme prevalence values (i.e., 0 or 1) 

(Whatman et al., 2012, Gwet, 2014, Grant et al., 2017). The data from the novice study supports 

the use of AC1 and the authors propose this is a more robust statistical tool for evaluating rater 

reliability (Table 4-1). 

4.2.3 Proof-of-concept case report and use of The Foundation Matrix movement screen 

The third core paper illustrates the use of The Foundation Matrix CMCT test battery, to identify 

LMC (Mottram et al., 2019) (Table 1-1). This paper illustrates how assessment findings, of LMC, 
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can inform individualised retraining. Many exercise and neuromuscular retraining intervention 

protocols are targeted to the clinical condition (Griffin et al., 2018, Kemp et al., 2019), rather than 

to individual LMC, which may be a factor contributing to poor outcomes for conservative 

treatment. 

4.3 Further relevant publications by the author of thesis supporting the 

use of cognitive movement control tests 

4.3.1 The Arm Flexion Test 

The CMCT (Arm Flexion Test) characterises the site and direction of LMC (Figure 2.3), at the 

scapula, and allows the clinician to reason the relevance of this to the presentation and direct 

retraining. (Comerford and Mottram, 2012, Mottram and Blandford, 2020). A review explored 

the relationship between shoulder SIS and scapular orientation and concluded there is insufficient 

evidence to support the clinical belief that the scapula adopts a common and consistent posture 

in SIS (Ratcliffe et al., 2014). A large-scale multi-centre randomised control trail (RCT), in progress, 

investigating exercise intervention for SIS and rotator cuff disorders excludes ‘isolated’ exercises 

to correct posture based on the conclusion of Ratcliffe, and focuses on exercises commonly used 

in clinical practice (Keene et al., 2020). The programme by Keene et al. does not address specific 

assessment or retraining of MCS. Appendix C sets out the body of work supporting the use of the 

Arm Flexion Tests, to identify LMC at the scapula, to direct intervention rather than observing 

posture alone. 

4.3.2 Reliability of cognitive movement control tests in older people 

Acceptable reliability has been established for CMCTs on older people (aged 65-85 years), both 

golfers and non-golfers (Rowsome et al., 2016, Webb et al., 2018b). These tests are designed to 

identify LMC relevant to typical everyday activities in the older population, for example sitting to 

standing, reaching. 

There has been a recognition of the contribution of motor control and cognition in exercise 

interventions to reduce falls (Sherrington and Henschke, 2013, Liu-Ambrose et al., 2013). Motor 

learning exercise including balance and coordination, has improved walking, quality of life and 

cognitive function in older adults (Brach et al., 2013, Dunsky, 2019). As balance requires 

appropriate coordination and timing of muscle synergies, it may be of value to assess older adults 

for LMC. Identifying LMC, with a battery of CMCTs, specifically designed for the older person 



Chapter 4 

31 

(Webb et al., 2018b), may assist in the development of targeted cognitive movement retraining 

interventions to reduce the risk of falls and improve quality of life. 

4.4 Other relevant publications supporting the concept 

Two other publications reporting on CMCTs work are discussed below. An inter and intra-rater 

reliability study, using CMCTs on marines reported inter-rater reliability was moderate to 

excellent (Kappa 0.56-0.95) and intra-rater reliability was poor to moderate (Kappa 0.22-0.58) 

(Monnier et al., 2012). The intra-rater reliability, test-retest strategy, was to retest participants at 

7 – 10 days, rather than using observation of video recordings as described by Mischiati (Mischiati 

et al., 2015). This could account for the poor Kappa scores compared to other studies as the 

marines may have been moving differently on second evaluation considering the constraints 

influencing movement (2.1.1). The CMCT only scored LMC at the low back, but these results 

suggest a battery of tests scoring LMC, including different sites and directions may be of value 

when exploring the specificity of CMCTs (Monnier et al., 2012). 

A single case report has documented that observational ratings of LMC of the pelvis and hip in 

two CMCTs may be accurate, when compared with kinematics using 3D motion analysis (Wilson et 

al., 2018). The young ex-footballer, with low back and groin symptoms, performed the CMCT 

(small knee bend) pre- and post-movement control retraining. Pre intervention LMC was observed 

on the CMCT and noted as site (pelvis), direction (anterior tilt) (see Figure 2.3). Post intervention, 

this was no longer observed and pelvic anterior tilt had decreased by 16 -17° (kinematic data). 

These findings demonstrate proof-of-concept, that CMCTs can identify LMC, and established that 

LMC is sensitive to change following retraining. Movement retraining changed LMC and also led to 

a reduction in hip and groin symptoms adding to the proof-of-concept for effect of this type of 

training. 

4.5 Movement screening 

Identifying risk factors for musculoskeletal injury in the general population, sport and service-

related occupations is a focus of research (Roos and Arden, 2016, Whittaker et al., 2017, Keenan 

et al., 2017). 

A systematic review of 17 studies, reported inconsistent evidence that movement quality is 

associated with an increased risk of injury (Whittaker et al., 2017). Fifteen of the 17 papers 

reviewed, used the Functional Movement Screen (FMS) (Whittaker et al., 2017). It has been 

suggested that an individual with a total score of less than 14 out of 21 is more at risk of injury 
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(Kiesel et al., 2007). However, the present position suggests this cut-off point is not an effective 

strategy to subgroup athletes into high-risk and low-risk injury risk groups and questions the value 

of observation of movement patterns for assessing risk of injury (Moore et al., 2019, Trinidad-

Fernandez et al., 2019, Whittaker et al., 2017). 

Movement coordination strategies have been shown to be a risk factor in injury (Roussel et al., 

2009b, Dingenen et al., 2015, Schuermans et al., 2017a, Rossi et al., 2020, Frank et al., 2019, 

Leppanen et al., 2020). However only Roussel used CMCTs to identify changes in MCS and 

reported that failing two low back CMCTs has been associated with an increased risk of 

developing lower extremity or low back injuries in dancers (Roussel et al., 2009b). This illustrates 

the potential value of CMCTs in injury risk management approaches and warrants further 

research. 

4.5.1 Movement screening and The Performance Matrix 

The Performance Matrix (TPM), an online movement analysis and risk reporting technology 

platform, uses a battery of CMCTs to identify LMC (Comera Movement Science, 2020c). The TPM 

system was invented by Mark Comerford and the author, and launched by Comera Movement 

Science in 2011, and was partially funded by Advantage Proof of Concept Fund (Advantage West 

Midlands and the European Regional Development Fund). The key features of TPM test batteries 

are outlined in Table 4-2. 



Chapter 4 

33 

Table 4-2 Key features of The Performance Matrix movement analysis and risk reporting tool 

• Identifying LMC with CMCTs rather than observation of movement compensations  

• Using functionally related multi-joint movement tasks, rather than single joint tests 

• The Foundation Matrix includes generic rather that sport-specific tasks and can be 

applied to any sport (Mischiati et al., 2015) 

• Sport and occupations-specific tasks matrices (e.g., The Football Matrix, The Golf 

Matrix, The Tactical Athlete Matrix)  

• Identifying both low threshold (alignment and coordination) and high threshold 

(strength and speed) LMC 

• A risk reporting algorithm details high and low risk LMC and assets, i.e., regions with no 

LMC which can be progressed more rapidly in training  

• Detailing LMC attributes by site, direction and threshold® 

(Mottram and Comerford, 2008, Mottram and Blandford, 2020) (see Figure 2.3) 

• The CMCTs are characterised by distinctive elements for each test; start position, test 

movement, end position and the benchmark standard (Comerford and Mottram, 2012, 

Mischiati et al., 2015, Mottram and Comerford, 2008). 

Some evidence is emerging to support the importance of exploring both low threshold and high 

threshold motor unit behaviour in painful conditions (Martinez-Valdes et al., 2020), which is a 

unique feature of TPM (Table 4-2). The observed increase in high threshold motor units is likely to 

be a response to the low threshold inhibition and allows the force output to be maintained but 

leads to fatigue and possible longer term altered motor unit activity and stress on muscle tissue 

(Martinez-Valdes et al., 2020). 

4.5.1.1 The Performance Matrix, footballers and hamstring injuries 

Ninety male elite professional footballers were screened with TPM’s The Football Matrix. Each 

player reported history of injury(s). The results indicated: i) 99% of footballers failed tests at the 

low back and 79% demonstrated LMC site (low back), direction (extension) threshold (high), (see 

Figure 2.3), in the series of high threshold (strength and speed tests) (Comerford et al., 2011), and 

ii) hamstring injury was the second most common reported previous injury (20%). Loss of 

movement choices, site (low back), direction (extension), threshold (high), showed a significant 

association with a history of hamstring injury (p>0.05) (Mottram et al., in preparation) (Mottram 

et al., 2012a). 
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Preliminary studies suggest higher levels of neuromuscular control are linked to a reduced risk of 

hamstring injury and altered recruitment of low-back-pelvic musculature is associated with 

hamstring injury risk (Franettovich Smith et al., 2017, Schuermans et al., 2017b). This suggests 

addressing changes to MCS and synergistic contributions around the low-back-pelvic region to be 

a possible tool in management of hamstring injury risk (Blandford et al., 2018a). Testing for LMC, 

with a test battery of CMCTs e.g., TPM’s The Football Matrix, has the potential to be used by 

practitioners to direct interventions to change MCS and target retraining of MCS (both joint and 

muscle synergy coordination). 

4.5.2 The Hip and Lower Limb Movement Screen 

The Hip and Lower Limb Movement Screen (HLLMS) has been designed to observe for movement 

quality to inform the design of exercise programmes to reduce injuries or prevent the progression 

of injuries to post traumatic osteoarthritis (Booysen et al., 2019). The HLLMS was developed to 

include a focus on hip and pelvic control that is lacking in the FMS. Intra-rater reliability has been 

reported as excellent for overall HLLMS (Booysen et al., 2019). Movement quality was observed 

when the athlete was asked to cognitively control movement to the benchmark. 

A LMC is defined as an observed compensation, that is not able to be cognitively controlled, on 

achievement of a defined benchmark (Mottram and Blandford, 2020). It is not always clear, in 

studies using movement control tests, if methods match the protocols describing CMCT. For 

example, Tegern looked to report more on the observation of movement patterns rather than 

teaching individuals to cognitively control the movement to the required benchmark (Tegern et 

al., 2018). Whilst CMCT and observation of preferred movement patterns are useful clinical tools 

to assess the health of movement, it is necessary to report methods so future reviews can 

compare the two assessment systems. 

4.6 Summary Chapter 4  

This chapter has reviewed support for the use of CMCT to identify LMC. Three core papers 

illustrate: i) the theoretical concept for the use of CMTS to identify LMC (Mottram and Blandford, 

2020); ii) the reliability of CMCTs (Mischiati et al., 2015); and iii) the clinical utility to identify LMC 

in an athlete which can inform a retraining strategy (Mottram et al., 2019). 

In addition, support for the use of the Arm Flexion test has been presented, along with reliability 

of movement tests in older adults and marines, and a case study illustrating the accuracy of 

CMCTs. 
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The author considers the assessment of CMCTs to be the cornerstone of the concept, set out in 

Figure 1.1. Cognitive movement control tests reveal LMC and the results of the tests inform 

retraining. Cognitive movement retraining is set out in the next chapter. 
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Chapter 5 Cognitive Movement Retraining 

This chapter explores the concept for cognitive movement retraining based on the classification of 

loss movement choices (LMC) identified with cognitive movement control tests (CMCTs) (Chapter 

4). The clinical application of movement retraining interventions focuses on changing movement 

coordination strategies (MCS) by restoring LMC (Figure 2.4) and aims to improve the health of 

movement of an individual (Figure 2.5). Two core papers support this chapter: 

• An original proof-of-concept case study illustrating how a retraining intervention can be 

tailored to an individual’s presentation and findings on CMCTs to improve symptoms and 

movement control (Mottram et al., 2019) and 

• A clinical reasoning framework, making the individual’s health of movement status central 

(Mottram and Blandford, 2020). 

Movement coaching is presented as a key element of movement retraining. 

5.1 Core publication supporting cognitive movement retraining 

Key work to support proof-of-concept is a case report (Mottram et al., 2019). Common in young 

and middle-aged adults, femoroacetabular impingement syndrome (FAIS) is a motion related 

condition of the hip (Griffin et al., 2016). 

The results outlined in section 3.2, illustrate the effectiveness of matching the athlete’s LMC, 

identified with CMCTs as site (low back/pelvis), direction (extension/anterior tilt) (Figure 2.3) to 

symptoms (hip pain) and loss of performance (rowing). Prioritising the LMC to the individual’s 

goals can shape an effective and efficient individualised movement retraining programmes 

(Mottram et al., 2019). 

Despite these observations there is little reported evidence to suggest that retraining MCS in 

individuals with femoroacetabular impingement syndrome (FAIS) is standard practice. Short-term 

outcomes of operative versus non-operative care for FAIS demonstrate both interventions 

produced positive outcomes, although surgery appears to be a superior option (Mottram et al., 

2019, Dwyer et al., 2020). Reporting short-term outcomes only is a limitation as an association has 

been established between signs of FAIS, (particularly morphological abnormalities) and the 

development of osteoarthritis (Agricola R, 2016, Wyles et al., 2017). 

Evidence suggests non-surgical intervention, including strengthening, neuromuscular exercise and 

improving flexibility, may hold some value in the management of FAIS (McGovern et al., 2019, 
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Hoit et al., 2019, Kemp et al., 2020). However, further work is needed to provide high quality, 

outcome driven exercise therapy programmes (Kemp et al., 2019). The author of this thesis 

believes no other studies to date specifically assess for LMC to drive individualised movement 

retraining for FAIS. This proof-of-concept case study puts forward the case for testing for LMC to 

direct individual retraining and improve pain, function and return to sport (Mottram et al., 2019). 

5.2 Further relevant publications by the author of thesis 

Retraining the orientation of the scapula was the basis of the retraining protocol for two 

publications exploring the effect of scapular focused movement retraining for SIS (Worsley et al., 

2013) (Appendix C). 

A review reports exercise is strongly recommended in the management of SIS but ongoing and 

future research to provide guidance of exercise type dose and duration is required (Pieters et al., 

2020). One exercise/protocol has not shown to be more effective which probably reflects the 

numerous constraints influencing movement in an individual (see section 2.2). Consideration of 

using MCS as an assessment and outcome measure may help to direct individualised 

interventions. 

5.3 Clinical reasoning  

The concept in this thesis is to improve the health of movement by influencing MCS, rather than 

on treatment approaches for different aspect of the presentation or constraints (see section 

2.1.1). A clinical reasoning framework, making the individual’s health of movement status central, 

has been detailed in one of the core papers (Mottram and Blandford, 2020). The following 

sections explore some aspects of this clinical reasoning process. 

5.3.1 Evidence-based health care  

The introduction of evidence-based health care has helped direct clinical interventions. However, 

whilst randomised control trials show the average treatment effect, they do not consider the 

complex interactions of domains and comorbidities seen in clinical practice, or reflect judgement 

of clinical expertise (Low, 2020). 

A person-centred approach is needed in the clinical reasoning process, making the individual’s 

narrative central, whilst supported by population data, clinical research, policy and guidelines 

(Low, 2020). Kerry advocates the therapist and individual engage in a multi-dimensional clinical 

reasoning framework to explore how causal partners, (i.e., factors in all domains in section 2.1.1), 
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influence the effect, e.g., MCS (Kerry et al., 2020). This thinking is based on dispositional 

philosophy of science and proposes causes are not discrete regularities, but rather real features 

that only ever tend towards an effect and are dependent on the mutual manifestation with other 

causal partners (Kerry et al., 2020). Clinical reasoning encompasses clinical expertise. 

5.3.2 The biopsychosocial model and negative feedback model 

It has been contended that a coherent biopsychosocial model is lacking, that links the biological, 

psychological and social factors reflected within an individual, and a mechanism of negative 

feedback has been proposed to allow for a model to be developed (Carey et al., 2014). A negative 

feedback mechanism may influence choices in MCS. Constraints outlined in the domains in Figure 

2.2 may interact and disrupt the negative feedback and consequently LMC arise. This supports 

Kerry’s theory of reconceptualising causation in dispositionist terms for a more person-centred, 

multidimensional clinical reasoning process (see section 5.3.1) (Kerry et al., 2020). The status of 

the health of movement of an individual is not static, and effect of causes/constraints are ever-

changing the status. 

5.3.3 Clinical reasoning and the health of movement 

A clinical reasoning approach, considering the relationship between the health of movement and 

LMC, allows for individual uniqueness, adaptation of interventions to account for influences of 

different domains and consideration of theoretical and mechanistic knowledge (Chapters 2 & 3). 

The clinical reasoning framework previously reported (Mottram and Blandford, 2020), has been 

expanded in this thesis to include how the health of movement can be influenced not only by 

constraints but by an individual’s will and ability to act upon their feelings and desires (Figure 5.1). 

This respects the interaction of causal factors to influence MCS, and the health of movement. 

Assessment of MCS allows the therapist to consider the influence of causal factors on movement 

outcomes. Movement retraining can influence many causal factors at the same time and puts the 

focus on changing MCS rather than ‘treating’ individual constraints. The inextricable link between 

mental health, well-being and movement dictates the need for patient centred clinical reasoning. 

Promoting and fostering mental health and resilience is part of the cognitive movement retraining 

pathway and involves mindful strategies (Appendix G). 
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Figure 5.1 Clinical Reasoning and Health of Movement: A person-centred approach making the 

individuals narrative central 

5.3.4 Reflective practice 

Central to developing a clinical reasoning process and movement coaching skills is reflective 

practice. Reflecting on the immediate effect of a range and variety of cueing and facilitation 

strategies, (e.g., sensory input on disrupting negative feedback influencing MCS (see section 

5.3.2), may build confidence in applying movement retraining. The practitioner is involved in skill 

acquisition along with the individual e.g., by enhancing their perceptual skills and expanding 

cueing strategies. Artistry has been defined as reflection-in-action, witnessed day to day in 

circumstances unique or uncertain (Schön, 1994). Perhaps movement retraining is an art as well 

as a science, as the practitioner adapts to the effect of the causal partners influencing MCS and 

the practitioner’s influence on movement coaching maybe a causal factor (see section 5.3.3). 

5.4 Movement Coordination Strategies and Pain  

A theory for explaining motor adaptation to pain proposed redistribution of activity within and 

between muscles with changes at multiple levels of the motor system (Hodges and Tucker 2011). 

This response to pain has short-term benefits, at the time of injury, such as changing load and 

responding to the injury threat. A potential long-term consequence is decreased coordination 

variability (Hamill et al., 2012) (see section 2.1.1). Changes in MCS are observed in experimentally 

induced pain (Madeleine et al., 2008, Muceli et al., 2014) and clinical presentations (Worsley et 

al., 2013, Claus et al., 2018). The assessment protocol for evaluating MCS is outlined in Chapter 4 
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is proposed as a clinical tool to assess for reduced coordination variability (see section 2.2.2). 

Changes within the brain are observed in people with pain and following injury (De Pauw et al., 

2019, Kregel et al., 2015, Baumeister et al., 2008, Shanahan et al., 2015) and may influence MCS 

(De Pauw et al., 2019). A clinical assessment framework using CMCTs to question reduced 

coordination variability is described in one core paper (Mottram and Blandford, 2020) (see 

section 2.2.2).  

5.5 Muscle Synergies  

This thesis, so far, has focused one element of MCS, intersegmental coordination evaluated with 

CMCTs. However, coordination also refers to the muscle synergy coordination (Mottram and 

Blandford, 2020, Hug and Tucker, 2017) (Figure 2.1). 

On performing a task, the central nervous system (CNS) has to manage the number of degrees of 

freedom of the neuromuscular system (Bernstein, 1967) and motor abundance (Latash, 2012). 

The CNS is thought to manage this complexity of movement by using sets of muscle groups known 

as muscle synergies (Sharif Razavian et al., 2019). This patterning of muscles can help distribute 

mechanical stress in tissues (Hug and Tucker, 2017). However, motor adaption to pain and the 

reorganisation of muscle synergies may lead to ongoing tissue stress (Hamill et al., 2012) (see 

section 5.4). A systematic review has reported consistent evidence for differences in muscle 

synergies between individuals with and without musculoskeletal pain (Liew et al., 2018).  

The analysis of the motor adaptation response of muscle synergies to pain (see section 5.4), in 

musculoskeletal conditions, is relatively new (Liew et al., 2018). Motor adaption to pain has been 

investigated in individual muscles and recruitment characteristics have been shown to change in 

the presence of pain and history of pain (Blandford et al., 2018b, Muceli et al., 2014, Heales et al., 

2016). Exploring responses of individual muscles provides an insight to motor adaptation but it 

does not examine the complexity of movement within the CNS and possible changes within 

muscle groups/synergies. 

The motor adaptation response of one or several muscles or synergistic groups can be 

accompanied with changes in MCS (Worsley et al., 2013, Lopes Ferreira et al., 2020, Mottram et 

al., 2019). Scapular downward rotation on kinematic analysis was accompanied with changes in 

neural recruitment of serratus anterior and lower trapezius muscles, providing support for the 

assessment of MCS to infer upon changes in relevant muscle recruitment strategies (Worsley et 

al., 2013) (Appendix B). Identifying the site and direction of LMC guides this decision making and 

can direct the therapist to focus on the muscles that eccentrically control the site and direction of 
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LMC (Mottram and Blandford, 2020). The core publication (Mottram et al., 2019) gives support 

for the use movement retraining to change muscle recuitment.  

Assessment of MCS is supported by the current understanding of how the brain’s cortex encodes 

movement sequences, by using muscle synergies as a way of translating cortical commands into 

specific muscles activities (Maguire et al., 2019); thus goal-focused testing of MCS may inform 

muscle synergies. To date research has reported on the relationship between kinematic data and 

muscle synergies (Gizzi et al., 2015, Lopes Ferreira et al., 2020) but not on the relationship 

between CMCTs and muscle synergies. This may give further insight into the role of assessment of 

MCS to direct rehabilitation. 

5.6 Cognitive movement retraining and movement coaching  

The core paper (Mottram and Blandford, 2020) outlines the aim of cognitive movement 

retraining to restore LMC (access motor abundance) by restoring coordination variability. The 

core publication, proof-of-concept case study, (Mottram et al., 2019) supports the use of 

cognitive movement retraining to restore LMC and reduce pain and improve function. Additional 

support for retraining coodination variability to change pain is supported in section 4.4 (Wilson et 

al., 2018) and section 5.2 (Worsley et al., 2013).  

Altered network properties in people with chronic neck pain compared to healthy controls and 

altered MCS measured with the craniocervical flexion test has been reported (De Pauw et al., 

2020). This evidence suggests movement retraining strategies targeting cognitive elements may 

be crucial in the management of people with chronic pain to enhance motor learning and 

recovery of LMC. 

Retraining MCS to restore LMC requires a change or transformation in motor planning. Three 

progressive phases of learning a new skill have been described (Fitts and Posner, 1967); cognitive 

phase, understanding of the required action; associative phase, practice of the programme 

learned in the cognitive phase; and autonomous phase, during which the performer learns to 

carry out the skill with little conscious effort. During the early phases of motor learning conscious 

control is associated with restricting joint ranges of motion and tightly coupling of the motion of 

different joints (Bernstein, 1967; van Ginneken et. al., 2018). This is implemented by retraining 

simple, single plane MCS. As learning progresses in the associative phase, the movements can be 

made more complex and include intersegmental and multi-planer tasks (Worsley et al., 2013; 

Mottram et al., 2019). A rehabilitation programme, focusing on progressive intersegmental 

control, illustrates biomechanical changes in a cutting manoeuvre in the autonomous phase (King 

et. al., 2018). Skill acquisition (autonmous phase) may involve the freeing and development of 
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functional couplings between degrees of freedom in movement, which requires access to 

redundancy in degrees of freedom and coorindation variability (Gray, 2020). This supports the aim 

of cognitive movement retraining to restore LMC (access motor abundance) by restoring 

coordination variability. 

The premise is movement retraining is not just an exercise prescription but an approach to 

changing how people move in the long term through altering MCS. The therapist, collaborating 

with the individual, becomes a facilitator of learning (movement coach). Key elements central to 

the authors movement coaching practice are outlined in Appendix G, and Appendix H outlines 

some practical strategies to alter MCS. 

5.7 Summary Chapter 5 

This chapter presents evidence to support the clinical application of movement retraining 

interventions, focusing on restoring movement choices. A proof-of-concept case study has 

illustrated a positive effect of retraining tailored to the individual (Mottram et al., 2019) and 

support for this concept strengthened with additional publications by the author of this thesis. A 

person-centred clinical reasoning framework has been presented to allow for consideration of 

causal factors on movement outcomes, with a focus on changing MCS rather than ‘treating’ 

individual constraints (Mottram and Blandford, 2020). Movement coaching is presented as a key 

element of movement retraining. Chapter 6 will explore the significance, implementation and 

impact of this work. 
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Chapter 6 General Discussion - The Health of 

Movement: Significance, Implementation and Impact 

The fundamental elements of restoring movement choices in individuals for long-term health 

ASSESS, INTERPRET and RESTORE, are illustrated in an infographic (Figure 6.1) and have been 

argued in Chapters 2 – 5. This chapter sets out: 

• To illustrate the significance of this concept 

• To demonstrate how strategies to change the health of movement have been 

implemented to explore the impact of this concept.
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Figure 6.1 Infographic: the path of restoring movement choices in individuals for long-term health

THE HEALTH OF MOVEMENT
Restoring  movement choices in individuals for long-term health 

MOVEMENT
Using the body to engage with life

COORDINATION
Observable changes in the configuration 
of joints of the body (dynamic alignment) 

STRATEGIES
Utilising coordination patterns to achieve 

movement patterns/outcomes
RESTORE
LMC to improve movement quality and  
re-engage with life
• cognitive movement control retraining to 

restore movement choices
• movement coaching to empower individuals
• education on the health of movement for 

long-term change in movement behaviour – 
expanding opportunities

INTERPRET 
LMC (from results of CMCTs) with an 
individual’s narrative, and relevance to:
• pain, recurrent pain, pathology
• lifestyle, activities and participation
• movement efficiency and performance
• mitigate risk of injury 

SARAH MOTTRAM
UNIVERSITY OF SOUTHAMPTON 2020

Movement quality and quality 
of life influenced by Movement 
Coordination Strategies (MCS)

ASSESS
For LMC with Cognitive Movement 
Control Tests (CMCTs) 

MCS influenced by numerous factors e.g. injury, pain, history 
of pain, fatigue and emotions. An inability to display choices 
in MCS termed Loss of Movement Choices (LMC) 
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6.1 Significance 

The development of the clinical reasoning framework to assess and retrain movement 

coordination strategies (MCS), detailed in Appendix B, highlights novel features including: 

• Development of an assessment strategy using cognitive movement control tests (CMCTs) 

to identify loss movement choices (LMC), and consideration of these findings within a 

clinical reasoning framework on an individual’s health of movement 

• Development of an approach for the observational rating of MCS. Use of these objective 

measures of LMC: 

o With people in pain, to drive rehabilitation strategies 

o In individuals without pain, to drive retraining strategies to improve performance 

and mitigate risk of injury 

• As a tool to evaluate and manage the health of movement across a lifespan 

• Development of single and multi-joint tests for each site, direction and threshold® of LMC. 

6.2 Implementation 

The research activities outlined in the thesis have illustrated that LMC can be: 

• Identified by testing MCS with CMCTs 

• Measured objectively with an observational rating method 

• Used to design retraining activities to manage pain and improve function. 

Figure 6.2 illustrates that this framework has been taught to therapists internationally, by a 

network of Comera Movement Science Accredited Tutors. The educational framework has 

enabled the author and the Comera Movement Science to grow a global community of therapists 

(Kinetic Control Movement Therapists) to empower people to manage their own movement 

health (Comera Movement Science, 2020b). The author of this thesis has presented at 

international conferences and taught over 1000 days on assessment and retraining of LMC, in 20 

different countries (Comera Movement Science, 2020d). 
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Figure 6.2 Comera Movement Science 

Examples of education and technological developments using the concepts within 

this thesis (Comera Movement Science, 2020a). 
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6.2.1 Implementation of The Performance Matrix 

One development resulting out of the unique features described in section 4.5.1 was The 

Performance Matrix (TPM) (Figure 6.2). Features are outlined in Table 4-2, and TPM has been 

used worldwide in different settings and populations including: 

• Identifing possible risk factors in different groups to direct retraining (e.g. 3 year project 

with Royal Berkshire Fire and Rescue , contributed to less days lost from sickness (RBFRS, 

2015, RBFRS, 2017)) 

• Identifying LMC as a possible risk factor to injury in elite sport and use in professional 

football (Mottram et al., 2019, Southampton Football Club, 2019) 

• In clinics and wellness centres to manage clinical and performance presentations (Comera 

Movement Science, 2019, Body Logic Health, 2020). 

6.3 Impact 

6.3.1 Moving towards a holistic approach  

The last 25 years has seen a general shift to a more holistic approach in Physiotherapy (see 

section 5.3). The significance and implementation of the concepts within this thesis, has 

contributed to this change (Figure 6.2). The observational assessment of MCS gives therapists a 

means to evaluate the influence of numerous constraints on movement outcomes (see section 

2.1). The assessment tools can be used as outcome measures to evaluate interventions (Wilson et 

al., 2018). 

6.3.2 Quotes and testimonials  

Appendix I illustrates how the concepts presented in this thesis, including movement coaching 

from the author and CMS’s educational and technology, has impacted individuals. 

6.3.3 Scopus impact 

Citations to date of published work is 1262 and illustrated in Appendix A (Scopus, 2020). The 

masterclass ‘Dynamic Stability of the Scapula’ (Mottram, 1997) has been cited 162 times. The 

scapula orientated exercise (SOE) described in the masterclass has been described in detail 

(Mottram et al., 2009b, Mottram and Comerford, 2008). Research protocols have referenced this 

work and adopted the SOE protocols (Kim et al., 2019, Wegner et al., 2010, Gutierrez-Espinoza et 

al., 2019). 
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6.4 Barriers to implementation 

Some barriers to implementation are explored in this section. 

6.4.1 Investment: time and money 

The broad skills required to retrain movement are illustrated in Chapter 5. The investment in 

terms of time and money can be a barrier to the therapist and provider, particularly in relation to 

acquiring the skills of movement coaching, along with the understanding of value this can bring 

individuals in both the short and long-term. 

6.4.2 Adding movement retraining and exercise to existing skill set 

An observational study on the range of musculoskeletal therapies applied by manual therapists to 

patients with non-specific neck pain reported only 15.1% used exercise (compared to 

manipulation 33.8% and mobilisation 27.9%) and 0.4% used exercise as a standalone modality 

(Peters et al., 2020). This suggests this cohort of therapists have yet to fully realise the value of 

exercise as a modality or have depth of proficient skills to enable them to utilise exercise in a 

therapeutic way. 

6.4.3 Communicating message through digital media  

On reflection, the concepts within this thesis have not been broadly disseminated through digital 

communication. It is now time to communicate the importance of managing LMC, within different 

cohorts to clinicians and policy makers. Embracing the digital innovations of multimedia creation 

and social media dissemination is an important element of knowledge transfer (Barton and 

Merolli, 2019). 

6.4.4 Adherence 

Barriers to exercise for an individual include lack of motivation, time, physical environment and 

lack of supervision/monitoring (Moore et al., 2020). Results of a longitudinal study showed 

despite a focus on individualised programmes some barriers to adherence remained at 12 

months, but concluded a strong therapeutic alliance appeared to facilitate adherence to exercise 

and physical activity (Moore et al., 2020). This supports the need to consider movement coaching 

as an important part movement retraining (Appendix G). 
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6.5 Next steps 

The important next step in knowledge transfer (KT) is taking evidence to support the concept in 

this thesis to a wider audience. This includes: 

• Embracing of digital innovations for dissemination (Barton and Merolli, 2019): 
o multimedia creation: illustrated in an international consensus on golf and health 

demonstrating how infographics and digital resources can be used in KT (Murray 

et al., 2018) 
o social media dissemination: Kinetic Control has 8,305 followers on Facebook 

social media channels can be a route for KT (Kinetic Control, 2020). 

• Targeting different groups: 
o the end-users in understanding how movement quality can affect their life 
o health and wellness professionals in seeing the value of assessing and retraining 

LMC 
o decision makers in sport and occupational settings in gaining knowledge in how 

movement quality and LMC can influence performance and risk of injury 
o policy makers in health in reconsidering the influence of movement quality and 

LMC on health in general and quality of life 
o focus of different sports and occupations (e.g., golf, running, cycling, tactical 

athletes) 
o maintaining independence and reducing the risk of falls in older adults. 

6.6 Summary Chapter 6 

This chapter has illustrated the significance of the concept in this thesis, of assessing for and 

retraining LMC and examples of implementation and impact. The global reach of the theoretical 

concepts, education, and technological support to evaluate and change MCS demonstrates value 

for both the clinician and individual who are striving to improve the health of movement. The next 

chapter concludes the thesis. 
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Chapter 7 Conclusions and Recommendations 

7.1 Movement transforms individual lives 

The current PhD showcases how 25 years of clinical experience, research activities, education and 

technological innovations and application of movement methods, have shaped the concept set 

out in this thesis, which is: evaluating movement quality, specifically movement coordination 

strategies (MCS), and restoring loss movement choices (LMC), improves an individuals’ 

coordination variability, affords a more robust movement system and ultimately improves the 

health of movement. 

The aim of this thesis has been to detail the concept that assessing and retraining MCS may 

improve the health of movement. The presentation of theoretical concepts and research provides 

evidence for proof of concept and the validity and reliability of assessment procedures. The five 

core published works in this PhD have included: 

• Two theoretical papers setting out the concept for assessing and retraining MCS and 

outlining the clinical reasoning framework to drive transfer into practice (Mottram and 

Blandford, 2020, Dingenen et al., 2018) 

• One reliability study establishing the robustness of a movement quality assessment tool 

(Mischiati et al., 2015) 

• A proof-of-concept case report demonstrating validity and proof-of-concept (Mottram et 

al., 2019) 

• A dissection study of the morphometry of serratus anterior illustrating knowledge of the 

anatomical architecture can inform retraining strategies (Webb et al., 2018a). 

As the thesis does not present a clinical trial, the effectiveness of this approach in improving the 

health of movement remains unknown.  

Other research demonstrating changes in MCS has been reported and is supported with measures 

of altered kinematics (joint coordination) and intermuscular coordination (relative contribution of 

muscle synergists). This research has studied healthy people, people with pain and activity and 

participation limitations, youth to older people and people across the activity spectrum from less 

active to elite sports men and women. 

The main body of the commentary has included chapters that provide insight into:  
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• The health of movement: exploring the relationship of how an individual uses their body 

to engage with life and the ability to display choices in MCS; the clinical relevance of this 

concept has been discussed throughout 

• The scientific basis underpinning measures of function and impairment: laboratory 

measures of anatomical and neurophysiological function have been shown to inform 

assessment and retraining methodologies 

• The assessment of loss of movement choices with cognitive movement control tests 

(CMCTs): an observational assessment of movement quality has been presented. The 

rationale for the use of CMCTs to evaluate LMC has been proposed; along with support 

for this being a feature of clinical presentations. LMC have been defined by their 

attributes of site, direction and threshold ® (Figure 2.3). CMCTs can be used as outcome 

measures, both for the individual to track clinical progress and as a research measure 

• Movement retraining: Building a movement profile allows the therapist to interpret LMC 

in respect to the narrative, presentation and goals of the individual to direct retraining. A 

person-centred clinical reasoning framework has been presented, which enables the 

therapist to reflect on how the numerous constraints affecting movement interact with 

the individual and influence the health of movement. A holistic approach to retraining 

movement has been presented through movement coaching, building awareness and 

focused attention, to empower individuals to recognise and improve the health of their 

movement 

• Significance, implementation and impact: illustrating the global reach of the theoretical 

concepts, education, and technological developments that have evolved out of the 

concept. 

7.2 Recommendations 

7.2.1 Restoring the Health of Movement 

Movement provides individuals with possibilities of engaging with life, be it independence, 

interacting with family, gardening and social activities, exercise or amateur and elite sport. 

Increasing and maintaining physical activity is a key factor for a healthy life. Improving the health 

of movement by restoring MCS has the potential for people to access better health by allowing 

them to move better. This thesis recommends the assessment of MCS to guide retraining to 

improve the health of movement.  
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The author has proposed three essential elements central to optimising the health of movement: 

ASSESS, INTERPRET and RESTORE (Figure 6.1). The transfer of this ‘know how’ to health and 

wellbeing professionals can enable them to identify and retain LMC in individuals for short and 

long-term improvement in the health of their movement. This can integrate with other 

interventions targeting individual constraints. 

7.2.2 Future research  

Improving the health of movement by restoring MCS has the potential for people to access better 

health by allowing them to move better. The author’s research journey will continue, with a 

particular interest on practical tools for assessment and how an individual’s narrative can be the 

driver for individualised movement coaching. Further research to support the concept may 

include:  

• Validity of CMCTs including The Performance Matrix Screening System  

• Retraining of LMC to mitigate the risk of injury 

• RCTs with economic evaluation  

• Qualitative research to understand the therapist/patient experience of the approach.  

This work will help inform further research to investigate the effectiveness of the concept on 

improving the health of movement. 

7.3 Will you commit to the ‘Health of Movement’ movement? 

There has never been a more important time in global history for championing the health of 

movement across countries, cultures and lifespans. The current health, social and economic state, 

has made individuals, health and wellness professionals, politicians and change makers value 

movement more than ever. Now is the time to transition to a more holistic approach to the health 

of movement and embrace individuals’ narratives to enable them to steer their life course by 

giving them the best options to move. Identifying and changing LMC offers both practitioners and 

individuals the power to transform the health of movement. Addressing the dynamic state of the 

health of movement to change how people engage with life, is for all, whether they are 8 or 98 

years old, from those with a sedentary lifestyle, the active and wellness minded to elite athletes. 
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Movement is problem solving. A robust movement system offers flexible problem solving for the 

individual and movement choices for each unique functional challenge. Will you be a force for 

change and take action to embrace the health of movement? 

My vision and passion are to enable movement professionals, in both the health and wellness 

sectors, to empower every individual they work with to improve and maintain the health of 

their movement. Healthy movement allows individuals to engage with life, for quality of life, 

and a lifetime of activity, performance and participation. 
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Appendix A Publications by the Author  

Contribution, by author of thesis, to 31 publications (including 5 core publications) and Scopus citations (Scopus, 2020). 

Publication Original contribution by S Mottram to publications Scopus Citations 

Core Publications 

1. Dingenen, B., Blandford, L., Comerford, M., Staes, F. & Mottram, S. 2018. The 

assessment of movement health in clinical practice: A multidimensional 

perspective. Phys Ther Sport, 32, 282-292. 

Conceptualisation of masterclass, establishing team, 

theoretical developments of model, assessment of 

movement in clinical practice; content and concepts 

overview, writing input into first draft (40%), review 

and editing.   

13 

2. Mottram, S. & Blandford, L. 2020. Assessment of movement coordination 

strategies to inform health of movement and guide retraining interventions. 

Musculoskelet Sci Pract, 45, 102100. 

Conceptualisation of masterclass, presentation of 

concept of assessment of movement coordination 

strategies, with cognitive movement control tests, to 

guide cognitive movement retraining. Writing of first 

draft (65%) and revision of manuscript (95%).  

2 
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Publication Original contribution by S Mottram to publications Scopus Citations 

3. Mottram, S., Warner, M., Booysen, N., Bahain-Steenman, K. & Stokes, M. 2019. 

Retraining in a female elite rower with persistent symptoms post-arthroscopy for 

femoroacetabular impingement syndrome: a proof-of-concept case report. J. 

Funct. Morphol. Kinesiol, 4(2), 24. 

Conceptualisation of case study. Design of experiment 

and methodology. Practical application of experiment 

including Retraining of athlete. Interpretation of 

results Writing of first draft (95%) and revision of 

manuscript.  

2 

4. Webb, A. L., O'Sullivan, E., Stokes, M. & Mottram, S. 2018. A novel cadaveric 

study of the morphometry of the serratus anterior muscle: one part, two parts, 

three parts, four? Anat Sci Int, 93, 98-107. 

Conceptualisation of research project. Contribution to 

design and methodology. Interpretation of results. 

Writing, contribution to first draft (40%), particularly 

background, interpretation and the functional role of 

the subdivisions, and revision of paper.  

0 

5. Mischiati, C., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., 

Stokes, M. & Mottram, S. 2015. Intra and inter-rater reliability of screening for 

movement impairments: movement control tests from the foundation matrix. J 

Sports Sci Med, 14, 427-40. 

Conceptualisation of research project hypothesis and 

establishing collaboration with University of 

Chichester. Design of experiment, and methodology. 

Contribution to resources, data collection, data 

analysis and interpretation. Writing -input into first 

draft 40%, and revision of the manuscript.  

15 
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Publication Original contribution by S Mottram to publications Scopus Citations 

Textbook 

Comerford M, Mottram S. Kinetic Control, The Management of Uncontrolled 

Movement. Australia: Churchill Livingstone 2012. 

Concept design with Elsevier. Contribution to all 

chapters. In particular Chapters; 1 (concept and clinical 

reasoning); 4 retraining; and 5 shoulder tests, and the 

scientific support for concepts. 

- 

Other Publications 

Booysen, N., Wilson, D., Lewis, C.L., Warner, M.B., Gimpel, M., Mottram, S, 

Comerford, M.C., Stokes, M.J. 2019. Assessing movement quality using the hip 

and lower limb movement screen: development, reliability and potential 

applications. Journal of Musculoskeletal Research, 22. 

Concept of movement assessment with cognitive 

movement control tests. Application of test procedure. 

Revision of manuscript. 

0 

Botha, N., Warner, M., Gimpel, M., Mottram, S., Comerford, M. & Stokes, M. 

2014. Movement patterns during a small knee bend test in academy footballers 

with Femoroacetabular impingement (FAI). Working Papers in Health Sciences 

1, 1-5. 

Concept of movement assessment with cognitive 

movement control tests. Application of test procedure. 

Revision of manuscript. 

- 
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Publication Original contribution by S Mottram to publications Scopus Citations 

Comerford, M., Mottram, S. 2001. Movement and stability dysfunction--

contemporary developments. Man Ther, 6, 15-26. 

Conceptualisation. Building scientific rationale for the 

concept. Writing – original draft 50%, Writing – review 

& editing. 

189 

Comerford, M., Mottram, S. 2001. Functional stability re-training: principles and 

strategies for managing mechanical dysfunction. Man Ther 6, 3-14. 

Conceptualisation. Building scientific rationale for the 

concept. Writing – original draft 50%, Writing – review 

& editing. 

132 

Helgadottir, H.; Kristjansson, E.; Mottram, S., Karduna, A., Jonsson, H., Jr. 2011. 

Altered alignment of the shoulder girdle and cervical spine in patients with 

insidious onset neck pain and whiplash-associated disorder. J Appl Biomech, 27, 

181-191. 

Concept of movement impairment and how this 

affects clinical presentation of people with neck pain 

and significance on their health. Assessment 

strategies. Writing – review & editing. 

25 

Helgadottir, H.; Kristjansson, E., Mottram, S., Karduna, A.R., Jonsson, H., Jr. 

2010. Altered scapular orientation during arm elevation in patients with 

insidious onset neck pain and whiplash-associated disorder. J Orthop Sports 

Phys Ther, 40, 784-791. 

Concept of movement impairment and how this 

affects clinical presentation of people with neck pain 

and significance on their health. Assessment 

strategies. Writing – review & editing. 

34 
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Publication Original contribution by S Mottram to publications Scopus Citations 

Mottram, S., Woledge, R.C., Morrissey, D. 2009. Motion analysis study of a 

scapular orientation exercise and subjects’ ability to learn the exercise. 

Man.Ther. 14, 13-18. 

Conceptualisation of research project. Research 

design, methodology, data collection and analysis. 

Writing – original draft 95%, Writing – review & 

editing. 

48 

Mottram, S. Dynamic stability of the scapula. 1997. Man Ther. 2, 123-131. Sole author. 162 

Mottram, S., Comerford, M. 2008. A new perspective on risk assessment. Phys 

Ther Sport, 9, 40-51. 

Conceptualisation of masterclass. Writing – original 

draft 50%, Writing – review & editing. 

45 

Nijs, J.; Roussel, N., Struyf, F., Mottram, S., Meeusen, R. 2007. Clinical 

assessment of scapular positioning in patients with shoulder pain: state of the 

art. J.Manipulative Physiol Ther. 30, 69-75. 

Knowledge in movement issues around scapular, 

supporting science, assessment and retraining. Writing 

– review & editing. 

41 

Rowsome, K., Comerford, M., Mottram, S., Samuel, D., Stokes, M. 2016. 

Movement control testing of older people in community settings: description of 

a screening tool and intra-rater reliability. Working Papers in the Health 

Sciences, 1, 1-12. 

Clinical lead, knowledge in application of tests. Writing 

– review & editing. 

- 
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Publication Original contribution by S Mottram to publications Scopus Citations 

Roussel, N., Nijs, J., Mottram, S., Van, M.A., Truijen, S., Stassijns, G. 2009. Altered 

lumbopelvic movement control but not generalized joint hypermobility is 

associated with increased injury in dancers. A prospective study. Man.Ther. 

14(6):630-5. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

83 

Roussel, N., De Kooning, M., Schütt, A., Mottram, S., Truijen, S., Nijs, J., Daenen, 

L. 2013. Motor control and low back pain in dancers. Int J Sports Med, 34, 138-

143. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

27 

Roussel, N., Nijs, J., Truijen, S., Vervecken, L., Mottram, S., Stassijns, G. 2009. 

Altered breathing patterns during lumbopelvic motor control tests in chronic 

low back pain: a case-control study Eur Spine J, 18, 1066-1073. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

32 

Struyf, F., Nijs, J.; Mottram, S., Roussel, N., Cools, A., Meeusen, R. 2014. Clinical 

assessment of the scapula: a review of the literature. Br J Sports Med, 48, 883-

890. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

39 

Struyf, F., Nijs, J.; Mollekens, S., Jeurissen, I., Truijen, S., Mottram, S., Meeusen, 

R. 2013. Scapular-focused treatment in patients with shoulder impingement 

syndrome: a randomized clinical trial. Clin Rheumatol, 32, 73-85. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

79 
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Publication Original contribution by S Mottram to publications Scopus Citations 

Struyf, F., Nijs, J., Meeus, M., Roussel, N.A., Mottram, S., Truijen, S., Meeusen, 

R. 2014. Does scapular positioning predict shoulder pain in recreational 

overhead athletes? Int J Sports Med, 35, 75-82. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

37 

Struyf, F., Nijs, J., Horsten, S., Mottram, S., Truijen, S., Meeusen, R. 2011. 

Scapular positioning and motor control in children and adults: a laboratory 

study using clinical measures. Man Ther, 16, 155-160. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

14 

Struyf, F., Nijs, J., De Graeve, J., Mottram, S., Meeusen, R. 2011. Scapular 

positioning in overhead athletes with and without shoulder pain: a case-control 

study. Scand J Med Sci Sports, 21. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

17 

Struyf, F., Nijs, J.; De Coninck, K., Giunta, M.; Mottram, S., Meeusen, R. 2009. 

Clinical assessment of scapular positioning in musicians: an intertester reliability 

study. J Athl Train, 44. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

41 

Struyf, F., Nijs, J., Baeyens, J.P., Mottram, S., Meeusen, R. 2011. Scapular 

positioning and movement in unimpaired shoulders, shoulder impingement 

syndrome, and glenohumeral instability. Scand J Med Sci Sports, 21. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

101 
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Publication Original contribution by S Mottram to publications Scopus Citations 

Warner, M.B., Whatling, G.; Worsley, P.R., Mottram, S., Chappell, P.H.; Holt, 

C.A.; Stokes, M.J. 2015. Objective classification of scapular kinematics in 

participants with movement faults of the scapula on clinical assessment. 

Comput Methods Biomech Biomed Engin, 18, 782-789. 

Concept of movement impairment assessment 

strategies. Collection of original data set. Writing – 

review & editing. 

4 

Warner, M., Wilson, D., Heller, M.O., Wood, D., Worsley, P., Mottram, S., 

Webborn, N., Veeger, D., Batt, M. 2018. Scapular kinematics in professional 

wheelchair tennis players. Clin Biomech (Bristol, Avon), 53, 7-13. 

Concept of movement impairment assessment 

strategies. Writing – review & editing. 

2 

Webb, N., Rowsome, K., Ewings, S., Comerford, M., Stokes, M.; S, Mottram. 2018. 

A ‘Movement Screening Test’ of Functional Control Ability in Female Recreation 

Golfers and Non-Golfers over the Age of 80 Years: A Reliability Study. J. Funct. 

Morphol. Kinesiol., 3. 3(4), 54 

Clinical lead, knowledge in application of tests. Writing 

– review & editing. 

1 

Worsley, P., Warner, M., Mottram, S.; Gadola, S., Veeger, H.E., Hermens, H., 

Morrissey, D., Little, P., Cooper, C., Carr, A., et al. 2013. Motor control retraining 

exercises for shoulder impingement: effects on function, muscle activation, and 

biomechanics in young adults. J Shoulder Elbow Surg, 22, e11-19. 

Clinical lead, knowledge in application of tests. Design 

of methodology, interpretation of results. Writing – 

review & editing. 

77 
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Appendix B Publications Related to Development of Theoretical Concepts  

Publications, by the author, relating theoretical concepts of assessment and retraining of Movement Coordination Strategies; 1997 – 2020, and key words. 

Dynamic stability of the scapula (Mottram, 1997) 

Described ‘scapular setting’, as dynamic orientation of the scapula in a position to optimise the position of the glenoid so to allow mobility and stability of the 

glenohumeral joint. Guidelines for the clinical observation of scapular orientation with the arm by side, were presented. A rehabilitation programme was 

presented including:  

o changing the orientation with arm by side with facilitation strategies with progression to controlling orientation with arm movement 

o controlling orientation with arm overhead and with movements. 

Review: Movement and stability dysfunction-contemporary developments (Comerford and Mottram, 2001b) 

Masterclass: Functional stability re-training: principles and strategies for managing mechanical dysfunction (Comerford and Mottram, 2001a) 

Review: presented a model of movement dysfunction and a narrative of literature to support the model, particularly relevant to management of 

musculoskeletal disorders. Development of this concept was influenced by Sahrmann, who advocated using a movement system diagnoses in physiotherapy and 

movement examination for assessing patient’s preferred alignment and movements, rather than ‘treatment systems’ that do not address underlying problems 

(Sahrmann, 2002). 

The masterclass presented the concept of functional stability being dependant on the integrated function of the local and global muscle systems. Stability 

dysfunction was characterised by site and direction of give or compensation and identified at a segmental and multi-segmental level. Principles of retraining 
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movement dysfunction were detailed in eight steps from controlling the neutral alignment to sport specific skills, targeting retraining of the local and global 

muscle systems. 

A new perspective on risk assessment (Mottram and Comerford, 2008) 

Novel assessment process of identifying uncontrolled movement (UCM)/weak link (formally give), from multiple muscle interactions acting on multiple joints in 

functionally orientated tasks, with movement tests. Uncontrolled movement characterised of by site, direction and threshold ®. Testing targeted both low and 

high threshold recruitment. The concept for The Performance Matrix was outlined, and how this can be used to assess for weak links not only in those with 

pain and a history of pain but also pain free individuals and considered in relation to performance issues and risk of injury. Differences between retraining low 

and high threshold recruitment weak links were described. 

Kinetic Control, The Management of Uncontrolled Movement (Comerford and Mottram, 2012) 

This textbook described the management of movement dysfunction through the assessment and retraining of uncontrolled movement (UCM). A clinical 

reasoning framework was presented to help clinicians’ reason through the assessment and retraining of UCM. Eighty-four cognitive movement control tests 

were described for the low back and pelvis, hip, neck, shoulder and thoracic spine. Distinctive descriptive elements were set out for each test; start position, test 

movement, end position and the benchmark standard. A movement control rating system to score the test was detailed and UMC were characterised by site, 

direction and threshold®. 

Shirley Sahrmann wrote the foreword and described the book as having ‘particular value in the comprehensiveness and detailed descriptions of possible tissue 

dysfunctions as reported in the literature, methods of analysis and treatment’. 
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The assessment of movement health in clinical practice: A multidimensional perspective (Dingenen et al., 2018) 

This paper broadens the motor control concept (through dynamic system theory, see section 2.1) to include the integration of cognitive, behavioural, emotional, 

lifestyle, social, cultural and contextual factors on movement outcomes. 

Key terms discussed; movement coordination strategies (MCS), movement health, evaluation of preferred movement patterns, cognitive movement control 

evaluation, movement evaluation model. 

Assessment of movement coordination strategies to inform health of movement and guide retraining interventions (Mottram and Blandford, 2020) 

Introduces the concept set out in this thesis; the health of movement may be informed by the ability to display choices in movement coordination strategies 

(MCS). This paper sets out assessment of MCS, with cognitive movement control tests and an observational rating of MCS. An inability to display choice in MCS 

is described as loss of movement choices (LMC). Cognitive movement control retraining is proposed to restore LMC. The neutral training region is described. 
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Appendix C  Milestones Investigating Loss of Movement Choices at the Scapula and Retraining 

Research projects and theoretical concepts, involving author of this thesis, developing the concept of assessing for loss of movement choices at the scapula and effect of 

movement retraining. 

1. 1997 Masterclass: Dynamic stability of the scapula (Mottram, 1997) 

Theoretical concepts: Based on clinical observation, individuals with neck or shoulder pain often present with the scapula resting in a position of more 

downward rotation and anterior tilt. Assessment and retraining strategies to evaluate the ‘dynamic stability of the scapula’ are outlined.  

Relevance: These clinical observations and clinical assessment and retraining strategies were the basis for subsequent research. 

2. 2006 Pilot data (unpublished) 

Two individuals one with a history of shoulder pain and one without. Kinematic data of scapular movements captured during the cognitive movement control 

test (CMCT), Arm Flexion Test. 

Results: Scapular movements could be measured in terms of degrees of rotation and translation. The individual with a history of shoulder pain demonstrated 

loss movement choices, site, (scapula), direction, (downward rotation). 

Relevance: These case studies contributed to the grant proposal set out below to explore the kinematics of during the CMCT Arm Flexion Test. 
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3. 2007 Award of grant from the Private Physiotherapy Education Fund (PPEF) for project Objective Measurements of Clinical Tests of Dissociation of the 

Scapula using Motion Analysis 

Methods: 13 individuals, with no history of shoulder pain and 6 with a history of shoulder pain. 

Study 1. Shoulder kinematics measured on performance of the Arm Flexion cognitive movement control test (Mottram et al., 2009a). 

Results: At 90° flexion significantly greater upward rotation (p=0.03) occurred in control group (-13.2° ± 4.6) compared with the pain history group (-7.8° ± 

5.3). A greater difference (8.2°, p=0.004) occurred between the groups at the end of the test: (-0.3 ° ± 4.4) controls; and (7.9° ± 6.4) in the history of pain 

group, indicating greater downward rotation of the scapula at the end of the test. 

Relevance: These results demonstrate changes in scapular kinematics during a cognitive movement control test of the scapula in people with shoulder pain. 

Study 2. Resting and therapist-corrected orientation of the scapula (Mottram et al., 2011a) 

Results: The history of pain group showed a significant increase (p<0.025) in upward rotation from the resting (-8.6° ± 8.6) to the ‘neutral’ position (-5.1° ± 

8.0). No significant differences found in two other scapular rotations or control group. 

Relevance: the history of pain group required greater scapular repositioning than the control group to achieve a position, confirms clinical observations that 

people with shoulder dysfunction may have altered scapular orientation. 
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4. 2009 Motion analysis study of a scapular orientation exercise and subjects' ability to learn the exercise (Mottram et al., 2009b) 

Methods: 13 healthy participants were taught a scapular orientation exercise; kinematic measurement of scapula position and surface electromyography 

measured muscle activity. 

Results: The scapula moved into upward rotation (mean = 4°, EM = 0.9°) and posterior rotation (mean = 4°, EM = 1.6°). All parts of the trapezius muscle 

demonstrated significant activity in maintaining this position, latissimus dorsi did not. 

Relevance: Results demonstrate a therapist can teach movements of the scapula into upward rotation and posterior tilt and individuals can reproduce this 

position. Trapezius were active but because of technical difficulties (electrode placement) serratus anterior was not measured. 

5. 2010 Altered scapular orientation during arm elevation (Helgadottir et al., 2010) 

Methods: Insidious onset neck pain (IONP) n=21, whiplash associated disorders (WAD) n = 23 and control n = 20 (all right-handed). Scapula kinematics 

measured during arm elevation. 

Results: WAD demonstrated increased scapula elevation compared to controls and IONP (P<.05), differences between posterior tilt on left side between WAD 

and IONP (p<.05). 

Relevance: Altered scapular orientation is noted, on arm elevation, in individuals with neck pain and may be different between IONP and WAD. A high level of 

variability observed was in individuals and differences between IONP group and WAD was noted so findings cannot be generalised to all people with neck 

pain. The suggests need to explore the mechanisms of the altered scapular orientation on elevation including the function of scapula muscle including 

serratus anterior. 
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6. 2010 Award of grant from Solent Healthcare (UK) for a post-doctoral researcher in project Proof of concept study of an exercise-based therapy 

intervention for treating shoulder pain and movement dysfunction. The results from PPEF pump-priming project grant were used in application. 

7. 2011 Single case study (Mottram et al., 2011b) 

Aim: to provide proof-of-concept for a motor control retraining exercise intervention for managing loss of movement choices (LMC) at the scapula.  

Methods: Male (age 51) with a history (>20 years) of recurrent right shoulder pain; currently pain free active shoulder range of motion to 135 degrees of 

elevation. Kinematic data of scapular measured on cognitive movement control test (CMCT) Arm Flexion before and after a 10-week movement retraining to 

control scapular orientation.  

Results: Upward scapular rotation was increased during the CMCT (i.e., LMC into downward rotation reduced). The Increase in upward rotation placed the 

participant within 1 SD from the mean of healthy control data (compared to PPEF data above). The individual reported improved functional abilities after 

many years of restriction, such as reaching to high shelves in the garage, being able to lift heavy objects and to lie on affected side in bed. 

Relevance: A 10-week movement retraining to control scapular orientation demonstrates change scapula kinematics in MCS and improvement of LMC (site, 

scapula; direction, downward rotation on CMCT). 
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8. 2011 Altered alignment of the shoulder girdle and cervical spine in patients with neck pain (Helgadottir et al., 2011) 

Methods: Insidious onset neck pain (IONP) n=21, whiplash associated disorders (WAD) n = 23 and control n = 20 (all right-handed). Scapula kinematics 

measured at rest with arm by the side. 

Results: on left side i) reduced clavicle elevation was observed in with IONP (p= 0.2) ii) reduced upward rotation in WAD (p< 03) compared to control group. 

Relevance: reduced clavicular elevation, noted by a dropped shoulder is noted clinically in people with neck pain (Mottram, 1997). This change in alignment 

may be associated with loss movement choices, for site (scapula) and direction (downward rotation) and can be tested for with the Arm Flexion test. This may 

be associated with changes in muscle synergy recruitment of serratus anterior and lower trapezius, which contribute to controlling the orientation of the 

scapula. 

9. 2013 Motor Control Retraining Exercises for Shoulder Impingement (Worsley et al., 2013)  

Methods: 16 individuals with Shoulder Impingement Syndrome (SIS), 16 healthy participants. Motion analysis and electromyography recorded scapular 

kinematics and muscle activity during arm elevation to 90°. Individuals with SIS underwent a scapular orientation retraining. 

Results: Post intervention the SIS group demonstrates a significantly reduced score on Shoulder Pain and Disability Index (p > 0.001), a mean reduction of 10-

point Visual Analogue Scale of pain of 3.4 points, upward rotation and posterior tilt of the scapula increased significantly (p > 0.05).  

Premature termination of lower trapezius (LT) (p<0.05) and serratus anterior (SA) (p>0.05) activity were shown pre-intervention during the arm lowering 

phase of the test, at an arm angle of 27° ± 15 and 28° ± 15 compared to healthy individuals (mean arm angle 17° ± 8 and 22° ± 10). Duration of activity in LT 

and SA muscles was increased significantly (p<0.05) post-intervention, with muscle activity terminating at an arm angle of 19° ± 7 and 17° ± 8 respectively, to 

match that of the healthy participants. 
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Relevance: A 10-week motor control intervention, including scapular orientation retraining, increased function and changed pain in individuals with SIS. The 

recovery mechanisms involved improvements in in muscle recruitment patterns including SA and scapular kinematics. 

Scapula kinematic measures during Arm Flexion cognitive movement control test (CMCT) (in preparation). 

From the same data set: Seven out of the 19 participants (37%) failed the Arm Flexion CMCT and had a significantly lower downward rotation of the scapular 

between the start and end of the test (-7°, SD±2.4; p<0.001; Fig 3). There was no significant difference (p=0.135) in downward rotation (-1°, SD±2.1) in 

participants who passed the SFSMC test. (Mottram in preparation) (Mottram et al., 2012b). 

10. 2013 Scapular-focused treatment in patients with shoulder impingement syndrome: a randomized clinical trial (Struyf et al., 2013). 

Methods:Randomised control trial, 22 patients with Shoulder Impingement Syndrome (SIS); scapula focus group, movement retraining and orientation (10) 

versus eccentric strength training, ultrasound and fictions (12). 

Results: The scapular focused group self-reported Shoulder Disability Questionnaire illustrated a large clinically important effect (Cohen’s d=0.93, p=0.025), 

and maintained at three months follow up. The scapula focused group demonstrated a moderate (Cohen’s d=0.67) improvement in self-reported pain at rest, 

whereas control group did not. 

Relevance: Scapular-focused retraining group, demonstrated reduced pain and disability in people with SIS, compared to controls (eccentric cuff exercises). 
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11. 2015 Objective classification of scapular kinematics in participants with movement faults of the scapula on clinical assessment (Warner et al., 2015) 

Aim: to use a multivariant classification tool to objectively classify participants who failed cognitive movement control tests (CMCTs), using data from PPEF 

study.  

Methods: Principal component scores and discrete kinematic variables (scapula kinematics on the CMCT) were used as input into classifier.  

Results: Five out of six participants with a history of shoulder pain classified as having loss of movement choices (LMC), with an accuracy of 72%. Variables 

related to upward rotation of the scapula had most influence on the classification. Three individuals, with no history of shoulder pain, were represented 

towards the LMC classification. 

Relevance: The classification model could objectively classify individuals, who demonstrated LMC on the CMCT, based on kinematic variables, suggesting the 

CMCT is a useful tool to identify LMC. Changes in kinematics (MCS) were noted in three people without shoulder pain, illustrating movement faults can be 

present in people without a history of shoulder pain.  
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Appendix D Morphometry of Serratus Anterior and Proposed Actions 

Attachment, mean fascicle angle, physiological cross-sectional area and proposed actions of serratus anterior (Webb et al., 2018a). 

Upper division 

Attachments: Rib 1 and 2 superior fascicles attach to the medial and superior borders of the scapula (superior angle). 

Mean fascicle angle: Relative to the vertical midline, physiological cross-sectional area (PCSA) areas: 29° and 1.3cm2. 

Proposed action:  

• Controls and anchors the superior angle during scapular rotation, on arm elevation, due to the short thick rib 1 and rib 2 superior fascicles attaching to both 

borders of the superior angle of the scapula and orientated closer to the vertical midline (passing inferior to ribs 1 and 2). The longer tendon of the rib 2 

superior, at the scapular end, could contribute to directing the forces required to anchor the superior angle. It is proposed the upper division helps maintain 

optimum scapular orientation and relative scapula upward rotation, by keeping the superior angle inferior to the acromion.  

• Controls external rotation of the scapula by anchoring the superior angle.  
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Middle division 

Attachments: Rib 2 inferior and rib 3 fascicles pass to the medial border. 

Mean fascicle angle: Relative to the vertical midline, PCSA: 90° and 2.2cm2 (rib 2 inferior fascicle had the largest cross section area). 

Proposed action:  

• Produces external rotation (and controlling internal rotation/winging) of the scapula at the acromioclavicular joint (pulling the medial border and inferior 

angle of the scapula towards the chest wall) as protraction of the clavicle at the sternoclavicular joint occurs. Because of large PCSA may have a significant 

influence on controlling scapular winging. 

Lower division 

Attachments: Rib 4s to 8/9 fascicles attached at the inferior angle 

Mean fascicle angle: Relative to the vertical midline, PCSA: 59° and 3.0cm2 

Proposed action:  

• Pulls the inferior angle laterally around the chest wall (away from the midline) supports a primary role of upward rotation of the scapula and controls 

downward rotation (Worsley et al., 2013). 

• Powerful protractor of the shoulder girdle (e.g. pushing). The lower digitations rotate the scapula laterally (upward rotation of the glenoid) to optimise the 

position of the glenoid. 

Control function: resists the pull of trapezius and keeps the medial border against the chest wall with upper limb movements. 
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Appendix E  Papers in Addition to Five Core Publications, Presenting Changes in Kinematic and 

Neurophysiology 

Publications by author of thesis, presenting changes in kinematic and neurophysiology, across different cohorts. 

Scapular kinematics in professional wheelchair tennis players (Warner et al., 2018) 

Methods: Scapula kinematics recorded during arm elevation and lowering in 11 professional wheelchair tennis players, 16 non-wheelchair users with shoulder 

impingement syndrome (SIS) and 16 non-wheelchair users (controls) without SIS. Professional wheelchair tennis players experienced little shoulder pain (scored on 

Wheelchair Users Shoulder Pain Index) and clinical examination revealed negative impingement tests. 

Results: Wheelchair tennis players had greater scapular posterior tilt during humeral elevation (3.9°, p = 0.05) and lowering (4.3° p = 0.04) on the dominant 

compared to the non-dominant side. The dominant scapulae wheelchair tennis players were significantly (p=.014) more upwardly rotated (21° SD6.7) than scapulae 

of individuals with SIS (14.1°) during arm elevation (scapula humeral plane).  

Altered breathing patterns during cognitive movement control tests (Roussel et al., 2009a) 

Methods: 10 healthy individuals, 10 individuals with chronic low back pain. Breathing pattern was evaluated at rest and whilst performing CMCTs (Bent Knee Fall Out 

and Knee Lift Abdominal Test).  

Results: Breathing patterns were observed in people with chronic low-back pain whilst performing CMCTs compared to controls (p=0.01).  
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Appendix F  Intra and Inter-rater Reliability (Experienced Raters) 

Methodology and results for intra and inter-rater reliability of screening for movement impairments (experienced raters) (Mischiati et al., 2015). 

Methods: 20 university sports students performed nine CMCTs, from The Foundation Matrix movement screen and were scored by two experienced 

therapists. 75 criteria were rated pass or fail. 

Results: inter-rater reliability 

• Good inter-rater reliability: overall test percentage agreement was 78%, overall intraclass correlation coefficients (ICC) 0.81 

• Individual components (for 75 criteria) percentage agreements ranged from 68-100%, Kappa ranges 0.0-1.0 

intra-rater reliability 

• Excellent intra-rater reliability:  

Rater 1, overall test percentage agreement was 98%, ICCs 0.96  

Rater 2, overall test percentage agreement was 94% and ICCs 0.88,  

• Individual components percentage agreements ranged from 88-100% (Rater 1), and 75-100% (Rater 2), Kappa ranges 0.6-1.0 (Rater 1) and -0.1-1.0 

(Rater 2) 

real-time vs video 

• Moderate to poor real-time vs video (overall test percentage agreement was 75%, ICCs 0.23), individual components percentage agreements 

ranged 31-100%, Kappa ranges -0.1-1.0. 
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Appendix G  Elements Enhancing Cognitive Movement Retraining  

Some elements of cognitive movement control retraining used by the author’s movement coaching practice. 

Explain movement 

Explain Pain aims to give people in pain the power to challenge pain and consider new models for viewing what happens to the body and brain with pain (Butler 

and Moseley, 2013). Once they have learnt about the processes involved, they can follow a scientific route to recovery. A similar process can be followed to 

educate individuals on science behind movement coordination strategies (MCS), how these changes influence the health of their movement and what they can 

do to change their MCS in short and long-term. 

Movement coaching 

Coaching: ‘I cannot teach anybody anything; I can only make them think’ (Socrates); (Wilson, 2014). This illustrates a coaching philosopher’s approach and 

differs from just giving instructions. Coaches work on improving the performance and wellbeing of individuals, by challenging and encouraging mindsets 

through goals setting, exploring values and beliefs, and facilitating action plans; and is achieved by enhancing awareness and self-directed learning (Wilson, 

2014). This is an important consideration in movement retraining. 

Knowing: There is a fundamental difference between theory and practice. Immediately recognising patterns without hesitation is not always sufficient and 

observations may require mental processing. Knowing does more than rely only on conceptual and intuitive models to develop expertise. Facilitating a change 

in movement coordination strategies requires putting theory into practice and developing expertise. Assessment of movement coordination strategies and 

linking to the individual’s goals can foster clarity (knowing) and confidence to make changes. 
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Communication is the act of expressing (or transmitting) ideas, information, imagery, knowledge, thoughts, and feelings, as well as understanding what is 

expressed by others (Burton and Raedeke, 2008). Movement coaching to restore loss of movement choices requires an individual to change movement 

patterns in the context of numerous constraints see section 2.1.1. Exercise prescription may well be a key feature of the action plan, but this table illustrates an 

interplay of holistic factors which therapists can draw on to improve the performance of movement coordination strategies to enhance the health of 

movement. Communication is at the heart of movement retraining. It involves not only the delivery of movement retraining plan but also its emotional impact 

and the effect on the individual. 

Embodiment 

Embodiment can be described as subjective awareness (from inside), through which we feel, think, perceive the world, relate and take action. It is the 

subjective awareness, attention, intention, posture, breathing and movement. (The Embodiment Channel, 2013) It is how we are / the way we are. This 

awareness of the body and as a body brings choices and individuals can discover movement options and adaptability. This can facilitate awareness to 

movement coordination strategies and how they relate to attention, intention, posture, breathing and movement. 

Encouraging self-directed learning  

The principles of self-directed learning include awareness, responsibility, self-belief, blame free, solution focused, challenge, action, and trust. Movement 

coaching can facilitate self -directed learning in individuals as they explore retraining loss of movement choices (Wilson, 2014). 

Flow 

Flow captures the positive mental state of being completely absorbed, focused and involved in activities at a certain point in time, as well as deriving enjoyment 

for being engaged in that activity (Csikszentmihalyi, 1990). Features of flow which support the retraining if MCS include: 
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• Setting goals and monitoring feedback 

• Becoming immersed in the activity 

• Paying attention to what is happening  

• Enjoying the immediate experience. 

Flow can influence restoring loss of movement choices by: 

• Achieving a balance between ability and challenge by matching the retraining to the individual 

• Matching retraining and awareness 

• Agreeing clear movement goals to enhance the flow experience 

• Receiving positive feedback is a key construct of the flow experience 

• Encouraging concentration / immersion in the practice 

• Facilitating intrinsic enjoyment in retraining programme and challenge as training progresses 

• Creating positive and enjoyable learning environment. 

Mindful movement and skilled attention 

• There is a strong evidence to support a relationship between movement skill and attentional and cognitive control (Clark et al., 2015). 

• Motor planning and attentional control share a dependency on the same kind of information e.g. about the environment, the body and how they relate 

in behaviour – sensorimotor coordination (Clark et al., 2015).  

• Provides a mechanistic basis for mind-body connection, and effects of mindful movement practice. 
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The cognitive element of any retraining strategy can be facilitated with a focus on mindful movement with attention, intention, breath, repetition and a mind-

body connection including awareness of movement. Much can be learnt from mindful movement practices e.g. Tai Chi, Garuda (see Figure 1.3). 

These principles of mindful movement were employed during the case study publication included in this thesis (Mottram et al., 2019). This was particularly so 

during the cognitive phase of motor learning where the feedback about the movement was important (taking this rehearsal into the practice and autonomous 

phase). 

Understanding the individual’s narrative 

Understanding an individual’s story and the experiences they describe (Douglas and Carless, 2015). May help individuals and practitioners to become self-

aware, self-reflective and self-critical. An individual’s story and experiences may be a factor influencing movement coordination strategies and fit within the 

clinical reasoning process. 

Finding a Meaning for an Individual 

Exploring a narrative reflects individuals’ perspective of their situation. Understanding the narrative of the individual has been shown to be important in 

practice (Solvang and Fougner, 2016). Discovering an individual’s passions and experiences can harnessed to expand movement options. 

Goal setting and making a pledge 

Although goal setting is regularly used in rehab settings, a Cochrane review found there is very low-quality evidence that goal setting may improve some 

outcomes (Levack et al., 2015). A pledge, however, does not have an endpoint and is something we are working on constantly. A pledge enables curiosity and 
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can enhance resilience. As the health of movement is with the individual for a lifetime, a pledge to sustain healthy movement, by restoring movement options 

within the confines of constraints (see 2.1) may help maintain health and quality of life across the lifespan. 

Therapeutic alliance 

Many of the principles mentioned in this table are attributes of the concept of therapeutic alliance outlined from a thematic analysis (Sondena et al., 2020). 

These attributes include: 

• Seeing the person: individualised care, person over pathology, equality, unique individual, world view, value and beliefs, acceptance 

• Sharing the journey: role change, holistic, behaviour change 

• Communication: attention to the narrative, verbal and non-verbal, empathy, active listening, language 

• Fostering autonomy: shared decision making, self-awareness, self-reflection, self-efficacy, behavioural change, self-management, responsibility. 

These attributes within the therapeutic alliance, may improve therapeutic outcomes and patient engagement (Miciak et al., 2018). In relation to restoring LMC, 

understanding the relationship between the site and direction of LMC, the short- and long-term goals, narrative and significant constraints (see 2.1), can 

enhance the communication between therapist and person to support practice and long-term outcomes. 
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Appendix H Key Elements Central to a Movement Coaching Practice.  

Illustration of some practical strategies, used by the author in clinical practice, which may influence the brain and enhance motor learning and recovery of loss of 

movement choices.  

Cognitive motor imagery 

Imagery can be a powerful tool that can affect learning, improve performance and skill acquisition, improving focus and motivation. (Ritchie and Brooker, 2018, 

Abraham et al., 2019, Zapparoli et al., 2020, Yamada et al., 2020, Renner et al., 2019). With motor imagery movements are mentally rehearsed without overt 

actions and can include imagination or cognitive imitation of a task and may include visual or verbal stimuli (Zapparoli et al., 2020). 

Imagery maybe a valuable strategy to employ when movement coaching. Various movement methods e.g., Garuda and Pilates put a strong emphasis on this 

strategy and something I champion in practice. My teaching practice encourages clinicians to widen their movement vocabulary away for anatomical and 

biomechanical terms to a more creative/image-based language. Motor imagery has been shown to more effective over verbal cues of a motor task based on a 

movement control exercise and tactile cues (La Touche et al., 2020). 

Attentional focus strategies 

Attentional focus can be explained as: 

• Internal focus attention is focused on body e.g., ‘keep the knee over the toe’ 

• External focus – attention is directed away from the body to the outcome or effects of the movement e.g., ‘keep the bar level’. 
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An external focus of attention has been shown to beneficial for learning and performance (Neumann, 2019, Gokeler et al., 2019, Wulf et al., 2010). Internal focus 

may have value at early cognitive stage of motor learning as individual gains and awareness and understanding of loss of movement choices (LMC) and how to 

relearn movement choices to regain LMC. However, as motor learning progresses to the autonomous and automatic stages external focus strategies are best 

employed to progress the challenge of regaining choices in movement coordination strategies. 

Feedback 

When a learner experiences success and efficacy it is connected with motivation and a positive effect on learning; this helps learner be aware of self-improvement 

over time (Chiviacowsky, 2020). Cognitive movement retraining is focusing on restoring lost movement choices how feedback is experienced will influence to motor 

learning process. Implicit feedback encouraged by elements in Appendix G can support the motor learning process. Explicit feedback needs to be positive to 

encourage motivation need for the repetitive practice required to recover movement options. 
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Appendix I  Quotes and Testimonials  

Narrative from an individual improving the health of their movement for performance; John Evans 

‘As a former rugby player, I had suffered numerous soft tissue injuries including a significant tear to my oblique abdominals. I was experiencing frustration with my 

weightlifting training and despite some gains in strength was struggling with overhead lifts especially the snatch and the jerk. Despite regular focused strength 

training this was not reflected in improvements in the key lifts. I felt out of balance and not fully in control of the bar and small adjustments to my technical model 

were not paying dividends. I was doing a lot of mobility work and yoga 1 or 2 twice a week and while this was useful it did not bring the changes I needed. On 

meeting me Sarah quickly noted that my rib position was not quite right and moved swiftly to observe me during movement. She identified that I struggled with 

specific movements despite my focus on strength and mobility. Sarah was able to facilitate me to find the know how to use new movement patterns which I had 

previously been unable to access. In addition, I learned to avoid old compensation patterns that had become stuck and counterproductive. My lifts became better 

and more controlled, my recovery from them was quicker and I could apply my strength more effectively. I felt that I could trust my movement to a greater degree. 

Sarah’s input had given me a greater kinaesthetic awareness. This was the missing link that made all the difference…..movement coaching. In addition to strength 

gains I was experiencing less sacroiliac joint pain which had been an historic weakness and was extremely pleased to find that my neck pain from coaching boxing 

pad sessions had substantially reduced. Within a small time-frame Sarah had helped me make some hugely significant changes to both my performance and 

resilience. She makes movement the focus and movement matters’. 

An individual illustrating the influence of movement coaching on long term health; post fracture femur; young amateur athlete 

‘As a young athlete facing the long road to recovery following a hip fracture and subsequent operation, Sarah’s guidance from an early stage and frequent touch 

points (face to face and virtual sessions across two years) has not only given me confidence but also the context to the understanding of my symptoms and 
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limitations in sport and activities, in the different phases of my recovery. Having instinctively focused on strengthening muscles, Sarah really pushed me to change 

my movement and focus on controlling movement and understanding my cheats and compensations. The seven touchpoints and the knowledge I have gained I can 

see supporting me through-out the rest of my life, a little goes a long way!’ 

Narrative from an elite international professional dance artist; Dr Scilla Dyke MBE 

‘As an elite international dance artist, advocate, academic, author and performance coach with a career spanning six decades across multiple dance genres I 

implicitly understand the importance of movement health across the lifespan.  Sarah whom I’ve had the honour to engage with, over 20 years, combines a profound 

understanding and belief in the potential impact of movement on quality of life. The holistic integrated process within Sarah’s Movement Coaching champions a 

strategy to embrace the individual’s narrative, practice and multiplicity of styles with bespoke retraining that encompasses the breadth and depth of dance, theatre 

and movement. It is so much more than exercise; it is gaining insight and awareness to achieve a transformational shift in ways to move. The mind-body unity, 

beyond functional performance, has inspired me to utilise a bespoke palette of options to restore choices of healthy movement and acquiesce opportunities. Using 

the body and mind allows physical, mental and social wellbeing and gives possibilities to {re} engage with life. A meaningful and challenging holistic collaborative 

approach to enhance the lives of clients by restoring individual choice, for long-term health’. 

The learning journey, practitioner championing the health of movement; Jacqueline Swart 

‘I began my ‘movement journey’ in 2003. Inspired by Sarah’s ambition and passion for placing movement at the center of physiotherapy practice, I completed 15 of 

her courses. These courses enabled me to develop skills in the assessment and retraining of movement. Sarah’s depth of knowledge and analytical analysis 

facilitated me to develop an integrated clinical reasoning framework to improve and maintain my patient’s health of movement and to achieve better outcomes 

with symptom relief, improving function and quality of life as well as preventing recurrence. Sarah mentored me to develop my clinical reasoning and most 

importantly to link movement coordination strategies to clinical presentations and individual goals. I began to see how even small changes in the movement system 
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can have a positive impact through a person’s life-course. Changing quality of life through the art of retraining movement. Sarah encouraged me to develop my own 

Movement Centre in South Africa, where my clinical practice changed from a manual therapy background to a health of movement focus. I am grateful to have been 

empowered to develop these movement skills and to integrate both practical and academic knowledge. It has been an inspirational journey for me, and I have loved 

being part of Sarah’s own development and seeing a deeper understanding of the health of movement evolve’. 

Educator in Movement; From an educator in movement; Lincoln Blandford 

‘As a vastly skilled, experienced, and innovative educator in movement, Sarah combines a profound understanding and belief in the potential of movement’s impact 

on quality of life with the abilities of a world-class practitioner. When watching Sarah work with a client, there is much to admire in her expertise of observing 

subtleties in movement, connecting how these relate to the client’s specific altered function or performance, and then teaching retraining interventions to address 

for the long-term’. 

Application to elite sport; First Team Physiotherapist, Premiership Football 

‘The Football Matrix (part of The Performance Matrix), is an excellent tool for identifying the loss of movement choices an athlete demonstrates under low and high 

threshold situations. Using this, in conjunction with clinical reasoning, helps support a comprehensive rehabilitation plan, targeting the conditioning of muscle 

synergies to diversify the movement choices specific to that athlete’. 

Application to a business model; Business Owner Paul Goss, Body Logic Health 

‘The challenge for the modern practitioner is developing a clear clinical pathway that educates the client and helps them understand the importance of movement 

health. Through our integration of the Kinetic Control (KC) clinical reasoning framework to all our clinicians along with The Performance Matrix (TPM) assessment 

and retraining protocols clients can be educated about the importance of completing their treatment pathway. The ability to manage our client pathway has 



Appendix I 

94 

allowed us to develop a business model based on the latest movement science to clearly take our clients to the next level. The ability to put movement at the heart 

of our business model through KC and TPM gives us a cutting edge USP in the current marketplace, allowing our business to thrive.’ 

Taking the health of movement to international territories; CMS Tutor Suzanne Tang 

‘I took my first Kinetic Control, in Taiwan in 2014. I immediately saw the clinical application of the movement tests and retraining and also the logical clinical 

framework and the strong evidence base. This clinical reasoning offers the ‘why’ and ‘how’ and integrates existing skills sets and allows the clinician to improve 

efficiency in clinical practice and drive patient-focused care. This empowers physiotherapists to collaborate with other professions with confidence.  

Guided by Sarah the CMS accredited tutor training programme has enabled me to share my knowledge with practitioners. I have been teaching for 3 years, have 

taught 130 days, to about 650-700 clinicians, in Taiwan, Macau, Hong Kong and Mainland China. The enthusiasm of students and their eagerness to put this work 

into practice has been transformative. Sarah has coached my journey by helping me optimise my clinical skills, facilitate the clinical reasoning process and deliver 

knowledge efficiently and engagingly. She encouraged me to set up a now successful teaching business. Sarah has also guided me to recruit and train other tutors so 

that we can share the knowledge to more therapists’.  
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Core Publications 

Summary sheet of five core publications. 

1. Dingenen, B., Blandford, L., Comerford, M., Staes, F. & Mottram, S. 2018. The assessment of 

movement health in clinical practice: A multidimensional perspective. Phys Ther Sport, 32, 

282-292. 

2. Mottram, S. & Blandford, L. 2020. Assessment of movement coordination strategies to inform 

health of movement and guide retraining interventions. Musculoskelet Sci Pract, 45, 102100. 

3. Mottram, S., Warner, M., Booysen, N., Bahain-Steenman, K. & Stokes, M. 2019. Retraining in 

a female elite rower with persistent symptoms post-arthroscopy for femoroacetabular 

impingement syndrome: a proof-of-concept case report. J. Funct. Morphol. Kinesiol, 4(2), 24. 

4. Webb, A. L., O'Sullivan, E., Stokes, M. & Mottram, S. 2018. A novel cadaveric study of the 

morphometry of the serratus anterior muscle: one part, two parts, three parts, four? Anat Sci 

Int, 93, 98-107. 

5. Mischiati, C., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., Stokes, M. & 

Mottram, S. 2015. Intra and inter-rater reliability of screening for movement impairments: 

movement control tests from the foundation matrix. J Sports Sci Med, 14, 427-40. 
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Core Publication 1: Dingenen et al., 2018 

Dingenen, B., Blandford, L., Comerford, M., Staes, F. & Mottram, S. 2018. The assessment of 

movement health in clinical practice: A multidimensional perspective. Phys Ther Sport, 32, 282-

292. 

Available https://eprints.soton.ac.uk/422398/  



Core Publications 

98 

 

 



Core Publications 

99 

 

 



Core Publications 

100 

 

 



Core Publications 

101 

 

 



Core Publications 

102 

 

 



Core Publications 

103 

 

 



Core Publications 

104 

 



Core Publications 

105 

 

 



Core Publications 

106 

 

 



Core Publications 

107 



Core Publications 

108 

 



Core Publications 

109 

Core Publication 2: Mottram and Blandford 2020 

Mottram, S. & Blandford, L. 2020. Assessment of movement coordination strategies to inform 

health of movement and guide retraining interventions. Musculoskelet Sci Pract, 45, 102100. 

Available https://eprints.soton.ac.uk/436905/  



Core Publications 

110 

 

 



Core Publications 

111 

 

 



Core Publications 

112 

 

 



Core Publications 

113 

 

 



Core Publications 

114 

 

 



Core Publications 

115 

 

 



Core Publications 

116 

 

 



Core Publications 

117 

 

 



Core Publications 

118 

 



Core Publications 

119 

Core Publication 3: Mottram et al., 2019 

Mottram, S., Warner, M., Booysen, N., Bahain-Steenman, K. & Stokes, M. 2019. Retraining in a 

female elite rower with persistent symptoms post-arthroscopy for femoroacetabular 

impingement syndrome: a proof-of-concept case report. J. Funct. Morphol. Kinesiol, 4(2), 24. 

Available https://eprints.soton.ac.uk/430830/ 



Core Publications 

120 

 



Core Publications 

121 

 



Core Publications 

122 

 



Core Publications 

123 

 



Core Publications 

124 

 



Core Publications 

125 

 



Core Publications 

126 

 



Core Publications 

127 

 



Core Publications 

128 

 

 



Core Publications 

129 

 



Core Publications 

130 

 



Core Publications 

131 

 

 



Core Publications 

132 

 



Core Publications 

133 

 



Core Publications 

134 

 



Core Publications 

135 

 



Core Publications 

136 



Core Publications 

137 

Core Publication 4: Webb et al., 2018 

Webb, A. L., O'Sullivan, E., Stokes, M. & Mottram, S. 2018. A novel cadaveric study of the 

morphometry of the serratus anterior muscle: one part, two parts, three parts, four? Anat Sci Int, 

93, 98-107. 

Available https://eprints.soton.ac.uk/401887/ 



Core Publications 

138 



Core Publications 

139 

 

 



Core Publications 

140 

 

 



Core Publications 

141 



Core Publications 

142 

 

 



Core Publications 

143 

 

 



Core Publications 

144 

 

 



Core Publications 

145 

 

 



Core Publications 

146 

 



Core Publications 

147 





Core Publications 

149 

Core Publication 5: Mischiati et al., 2015  

Mischiati, C., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., Stokes, M. & Mottram, S. 

2015. Intra and inter-rater reliability of screening for movement impairments: movement control 

tests from the foundation matrix. J Sports Sci Med, 14, 427-40 

Available https://eprints.soton.ac.uk/380535/  



Core Publications 

150 

 

 



Core Publications 

151 

 

 



Core Publications 

152 

 

 



Core Publications 

153 

 

 



Core Publications 

154 

 

 



Core Publications 

155 

 

 



Core Publications 

156 

 

 



Core Publications 

157 

 

 



Core Publications 

158 



Core Publications 

159 

 

 



Core Publications 

160 

 

 



Core Publications 

161 

 

 



Core Publications 

162 



Core Publications 

163 

 

 





Declaration of Co-Authorship 

165 

Declaration of Co-Authorship 

 

 



Declaration of Co-Authorship 

166 

 

 

 

 
DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 
 
(Please use one form per co-author publication) 
 

 
 
 

Section A 
Name of candidate:  Sarah Mottram  
 
Name of co-author: Bart Dingenen 
 
Full bibliographical details of the publication:  
Dingenen, B., Blandford, L., Comerford, M., Staes, F. & Mottram, S. 2018. The assessment of 
movement health in clinical practice: A multidimensional perspective. Phys Ther Sport, 32, 282-292. 
 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author  
 
My specific contribution to the publication was: 
Conceptualisation of masterclass, establishing team, theoretical developments of model, 
assessment of movement in clinical practice; content and concepts overview, writing input into first 
draft (40%), review and editing. 
 

 
Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 
 
Either (i) I agree with the above declaration of the candidate 
 
Or (ii) I do not agree with the above declaration by the candidate for the following reason(s) 
 
 
 
 
 
Signed: ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙. (co-author) ͙ ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙ (date) 09/10/2020Bart Dingenen



Declaration of Co-Authorship 

167 



Declaration of Co-Authorship 

168 



Declaration of Co-Authorship 

169 



Declaration of Co-Authorship 

170 

 

 

 
DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 
 
(Please use one form per co-author publication) 
 

 
 
 

Section A 
Name of candidate:  Sarah Mottram  
 
Name of co-author: Martin Warner 
 
Full bibliographical details of the publication:  
Mottram, S., Warner, M., Booysen, N., Bahain-Steenman, K. & Stokes, M. 2019 Retraining in a female elite 
rower with persistent symptoms post-arthroscopy for femoroacetabular impingement syndrome: a proof-of-
concept case report. Journal of Functional Morphology and Kinesiology, 4(2), 24 
 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author  
 
My specific contribution to the publication was: 
Conceptualisation of case study. Design of experiment and methodology. Practical application of experiment, 
including retraining of athlete. Interpretation of results Writing of first draft (95%) and revision of manuscript. 
 

 
Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 
 
Either (i) I agree with the above declaration of the candidate 
 
 
 
 
 
 

Signed: ͙͙͙͙͙͙͙͙. (co-author) 18/03/2021͙͙͙͙͙͙͙͙͙͙͙͙ (date) 



Declaration of Co-Authorship 

171 

 

DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 

(Please use one form per co-author publication) 

Section A 
Name of candidate: Sarah Mottram  

Name of co-author: Nadine Booysen 

Full bibliographical details of the publication:  
Mottram, S., Warner, M., Booysen, N., Bahain-Steenman, K. & Stokes, M. 2019 Retraining in a female elite 
rower with persistent symptoms post-arthroscopy for femoroacetabular impingement syndrome: a proof-of-
concept case report. Journal of Functional Morphology and Kinesiology, 4(2), 24 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author 

My specific contribution to the publication was: 
Conceptualisation of case study. Design of experiment and methodology. Practical application of experiment, 
including retraining of athlete. Interpretation of results Writing of first draft (95%) and revision of manuscript. 

Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 

 (i) I agree with the above declaration of the candidate 

Signed:�EĂĚŝŶĞ��ŽŽǇƐĞŶ (co-author) ������������������ϴ͘ϭϬ͘ϮϬϮϬ�(date) 



Declaration of Co-Authorship 

172 

 

DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 

(Please use one form per co-author publication) 

Section A 
Name of candidate: Sarah Mottram  

Name of co-author: Katie Bahain-Steenman 

Full bibliographical details of the publication:  
Mottram, S., Warner, M., Booysen, N., Bahain-Steenman, K. & Stokes, M. 2019 Retraining in a female elite 
rower with persistent symptoms post-arthroscopy for femoroacetabular impingement syndrome: a proof-of-
concept case report. Journal of Functional Morphology and Kinesiology, 4(2), 24 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author 

My specific contribution to the publication was: 
Conceptualisation of case study. Design of experiment and methodology. Practical application of experiment, 
including retraining of athlete. Interpretation of results. Writing of first draft (95%) and revision of 
manuscript. 

Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 

Either (i) I agree with the above declaration of the candidate 

Signed: ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙. (co-author) ͙ ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙ (date) 



Declaration of Co-Authorship 

173 

 

 

 

DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 
 
(Please use one form per co-author publication) 
 

 
 
 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author  
 
My specific contribution to the publication was: 
Conceptualisation of case study. Design of experiment and methodology. Practical application of experiment, 

including retraining of athlete. Interpretation of results. Writing of first draft (95%) and revision of 

manuscript. 
 

 
Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section A 
Name of candidate:  Sarah Mottram  
 
Name of co-author: Maria Stokes 
 
Full bibliographical details of the publication:  
Mottram, S., Warner, M., Booysen, N., Bahain-Steenman, K. & Stokes, M. 2019 Retraining in a female elite 

rower with persistent symptoms post-arthroscopy for femoroacetabular impingement syndrome: a proof-of-

concept case report. Journal of Functional Morphology and Kinesiology, 4(2), 24 

 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 
 

 (i) I agree with the above declaration of the candidate 

 
 
 
 

 
Signed: ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙. (co-author) ͙ 15/3/2021͙͙͙͙͙͙͙͙͙͙͙͙ (date) 



Declaration of Co-Authorship 

174 



Declaration of Co-Authorship 

175 

 
DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 
 
(Please use one form per co-author publication) 
 

 
 
 

Section A 
Name of candidate:  Sarah Mottram  
 
Name of co-author: Maria Stokes 
 
Full bibliographical details of the publication:  
Webb, A. L., O'Sullivan, E., Stokes, M. & Mottram, S. 2018a. A novel cadaveric study of the morphometry of 
the serratus anterior muscle: one part, two parts, three parts, four? Anat Sci Int, 93, 98-107. 

 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author  
 
My specific contribution to the publication was: 
Conceptualisation of research project. Contribution to design and methodology. Interpretation of results. 
Writing, contribution to first draft (40%), particularly background, interpretation and the functional role of 
the subdivisions, and revision of paper. 
 

 
Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 
 
 (i) I agree with the above declaration of the candidate 
 
 
 
 

 
Signed: ͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙. (co-author) ͙ ͙15/3/2021͙͙͙͙͙͙͙͙͙͙͙͙͙͙ (date) 



Declaration of Co-Authorship 

176 

 

 

 
DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 
 
 

 
 
 

Section A 
Name of candidate:  Sarah Mottram  
 
Name of co-author: Carolina Mischiati 
 
Full bibliographical details of the publication:  
Mischiati, C. R., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., Stokes, M. & Mottram, S. L. 2015. 
Intra and inter-rater reliability of screening for movement impairments: movement control tests from the 
foundation matrix. J Sports Sci Med, 14, 427-40. 

 
 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author  
 
My specific contribution to the publication was: 
Conceptualisation of research project hypothesis and establishing collaboration with University of Chichester. 
Design of experiment, and methodology. Contribution to resources, data collection, data analysis and 
interpretation. Writing -input into first draft 40%, and revision of the manuscript. 
 

 
Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR  
 
I agree with the above declaration of the candidate 
 
 
 
Carolina Mischiati 
 
 
Signed: Carolina Mischiati (co-author) 07/10/20 (date) 



Declaration of Co-Authorship 

177 

 

 

 



Declaration of Co-Authorship 

178 

 

 



Declaration of Co-Authorship 

179 

 

 

 
DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 
 
(Please use one form per co-author publication) 
 

 
 
 

Section A 
Name of candidate:  Sarah Mottram  
 
Name of co-author: Jacqueline Swart 
 
Full bibliographical details of the publication:  
Mischiati, C. R., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., Stokes, M. & Mottram, S. L. 2015. 
Intra and inter-rater reliability of screening for movement impairments: movement control tests from the 
foundation matrix. J Sports Sci Med, 14, 427-40. 

 
 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author  
 
My specific contribution to the publication was: 
Conceptualisation of research project hypothesis and establishing collaboration with University of Chichester. 
Design of experiment, and methodology. Contribution to resources, data collection, data analysis and 
interpretation. Writing -input into first draft 40%, and revision of the manuscript. 
 

 
Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 
 
Either (i) I agree with the above declaration of the candidate 
 
 
 

 
 
 
Signed: Jacqueline Swart  (co-author) 9.10.20 (date) 



Declaration of Co-Authorship 

180 

 

 



Declaration of Co-Authorship 

181 

 

 

DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 

(Please use one form per co-author publication) 

Section A 
Name of candidate: Sarah Mottram  

Name of co-author: Nadine Botha (Booysen) 

Full bibliographical details of the publication:  
Mischiati, C. R., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., Stokes, M. & Mottram, S. L. 2015. 
Intra and inter-rater reliability of screening for movement impairments: movement control tests from the 
foundation matrix. J Sports Sci Med, 14, 427-40. 

Section B 
DECLARATION BY CANDIDATE  
I declare that my contribution to the above publication were as Joint Author 

My specific contribution to the publication was: 
Conceptualisation of research project hypothesis and establishing collaboration with University of Chichester. 
Design of experiment, and methodology. Contribution to resources, data collection, data analysis and 
interpretation. Writing -input into first draft 40%, and revision of the manuscript. 

Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 

Either (i) I agree with the above declaration of the candidate 

Signed: EĂĚŝŶĞ��ŽŽǇƐĞŶ (co-author) �����������������������������ϴ͘ϭϬ͘ϮϬϮϬ (date) 



Declaration of Co-Authorship 

182 

 

 
DECLARATION OF CO-AUTHORSHIP OF PUBLISHED WORK 

 
(Please use one form per co-author publication) 
 

 

 

 

Section A 
Name of candidate:  Sarah Mottram  

 

Name of co-author: Maria Stokes 

 

Full bibliographical details of the publication:  

Mischiati, C. R., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., Stokes, M. & Mottram, S. L. 2015. 
Intra and inter-rater reliability of screening for movement impairments: movement control tests from the 
foundation matrix. J Sports Sci Med, 14, 427-40. 

 

 

Section B 
DECLARATION BY CANDIDATE  

I declare that my contributions to the above publication were as Joint Author  
 

My specific contribution to the publication was: 

Conceptualisation of research project hypothesis and establishing collaboration with University of Chichester. 
Design of experiment, and methodology. Contribution to resources, data collection, data analysis and 
interpretation. Writing -input into first draft 40%, and revision of the manuscript. 
 

 
Signed Sarah Mottram  (candidate) 7.10.20 (date) 

Section C 
STATEMENT BY CO-AUTHOR (delete as appropriate) 
 
I agree with the above declaration of the candidate 
 

 

 

 

 

 

Signed:  (co-author) 8/10/2020  (date) 



Glossary of Terms 

183 

Glossary of Terms 

Cognitive Movement Control Tests .. Evaluate an individual’s ability to cognitively coordinate 

movement at a specific joint or region (site) in a particular 

plane of movement (direction), under low and high threshold 

situations. Cognitive movement control tests (CMCTs) 

identify loss of movement choices by asking an individual to 

prevent observable movement to a benchmark standard. The 

cognitive element enquires on choice rather observation 

(Mottram and Blandford, 2020). 

Coordination Variability ................... The range of coordinative strategies exhibited whilst 

performing the movement outcome (Preatoni et al., 2013) 

Exercise ............................................. A subcategory of physical activity and defined as an activity 

that is planned, structured, repetitive, and aims to improve 

or maintain one or more components of physical fitness 

(World Health Organisation, 2020b). 

Health of Movement  ....................... A balance between how an individual uses their body to 

engage with life and an ability to display choices in 

movement coordination strategies. 

Loss of Movement Choices ............... An inability to display choices in movement; notated by site, 

direction and threshold® and describe the observable 

changes in movement coordination strategies. The working 

hypothesis is that loss of movement choices relate to 

reduced coordination variability so an individual is unable to 

vary coordination strategies to achieve a movement task 

(Mottram and Blandford, 2020). Loss of movement choices 

are revealed through cognitive movement control tests. 

Motor Abundance ............................ The central nervous system has the ability to facilitate 

families of solutions (coordinated movements) equally able 

to solve a task, that are not the same over repeated trials 

(Latash, 2012) 

Movement Coordination Strategies . Coordination is how things work together. Movement 

coordination strategies (MCS) are the clinically observable 

changes in segment and region joint configurations of the 
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body (dynamic alignment) used by individuals during the 

performance of a tasks. MCS can be observed as 

intersegmental (joint), and these coordination strategies 

could be interpreted to inform on muscle synergy 

coordination (Mottram and Blandford, 2020). 

Physical Activity  ................................ Any bodily movement produced by skeletal muscles that 

requires energy expenditure, including activities undertaken 

whilst, working, playing, carrying out household chores, 

travelling, and engaging in recreational pursuits (World 

Health Organisation, 2020b).  
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